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Commercial broiler chickens are withdrawn from feed prior to harvesting,
transport and processing. This feed withdrawal period does not reduce carcass yield but
is significant in reducing the potential for carcass contamination from undigested feed or
fecal material that may remain in the digestive tract if feed is not withdrawn. However,
withdrawing feed can result in an increase in bacterial contamination due to the decrease
in physiological pH during fasting. Recently, consumers are more interested in how food
animals are raised, prepared for, and processed.
In response to these concerns, the feasibility of developing a “feed withdrawal”
feed that could be provided to commercial broilers during the traditional feed withdrawal

period was evaluated. The physiological effect of fasting during the feed withdrawal
period is also not well understood.
The focus of this study was to determine if feedstuffs that are readily accessible to
commercial feed mills was evaluated to determine if body weight loss could be reduced
and commercial broilers could be processed acceptably when allowed access to this feed
during the traditional feed withdrawal period. In addition, the physiological response of
commercial broilers at different ages to fasting was determined. The emphasis of this
study was to determine the effect of fasting periods of commercial broilers on the
hormones insulin and glucagon, circulating levels of glucose and body temperature
compared to full7fed birds.
The results of this research suggests that a “feed withdrawal feed” that is available
to commercial feed mills is feasible to allow commercial broilers access to feed during
the traditional feed withdrawal period and still be processed with no contamination
concerns. In addition, the impact of fasting on the hormones glucagon and insulin,
circulating levels of glucose and body temperature were shown to be significantly
changed during a fasting period.
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CHAPTER I
INTRODUCTION

Producing commercial broilers for human consumption is a complex process with
the ultimate goal of producing a high quality product with a minimum of inputs. An
important part of commercial broiler production is preparing flocks for processing.
Broilers must arrive at the processing plant ready to process in an efficient manner while
recovering the most saleable pounds. There are several factors that must be considered
when preparing broiler flocks for processing; feed must be digested before processing so
it is not wasted during evisceration, minimize live Body Weight (BW) and carcass losses,
and, Feed Withdrawal (FW) programs must result in minimal disruption to the
Gastrointestinal Tract (GIT) during processing to minimize the possibility of carcass
contamination with feed or fecal material. In addition, new interest in animal welfare
requires that preparation for processing minimizes physiological changes in the bird that
results from fasting during the feed withdrawal period.
The most significant input in producing commercial broilers has always been the
cost of the feed consumed during the growing phase (May et al, 1998). The cost of the
feed for commercial broiler production is variable with changes in feed ingredient costs
including corn and soybean meal. When feed ingredient costs are at historic lows, the
feed cost represents 60% of the cost of producing a live broiler to market weight. As feed
1

ingredient prices increase, the impact of feed costs can increase to 70 – 75% of the cost of
a live bird (Donohue and Cunningham, 2009). Feed consumed by broilers is only of
economic value if it is converted to saleable pounds of meat (Smidt, et al, 1964). Since
the early days of commercial poultry production, preparing broilers for processing
included a time of feed withdrawal from the birds so that all of the feed consumed prior
to processing was converted to edible tissue. It was also recognized (Brown, 1963) that
broilers with an empty GIT were easier to eviscerate and there was no ingesta or fecal
contamination of the carcass if the GIT was cut or broken during processing.
The effect of an extended FW time was recognized as having a negative effect on
BW and carcass yield. May and Brunson (1955) were the first to report a significant
reduction in eviscerated carcass yield in both males and females after a feed withdrawal
period of 24 hours but little effect on yield with shorter FW periods. Brunson (1957)
found a significant decrease in carcass yield after both 24 and 12 hours of FW when
compared to live weights.
More recently, the no tolerance for ingesta or fecal contamination policy from
USDA FSIS (1996) increased the importance of proper FW periods prior to slaughter.
Although the concern for converting feed to muscle was still important, preventing
ingesta or fecal contamination of broiler carcasses was a significant concern and required
a longer FW period than for just converting feed to edible tissue. The window to
withdraw feed from broilers prior to processing in order to meet FSIS requirements and
minimize BW and carcass losses is economically important and must be evaluated by
each facility on a regular basis as many factors affect the condition of the GIT for
processing.
2

The increasing public concern for the welfare of food animals raised under
commercial conditions has added an additional consideration to the necessary period of
time that birds are without feed and or water prior to processing. Welfare issues can be
evaluated by measuring the physiological changes in broilers under different feed
withdrawal periods.
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CHAPTER II
LITERATURE REVIEW

Feed Withdrawal
The actual time required for successful FW can be difficult to determine.
Research has shown that 4 – 6 h prior to catching and transport is adequate to allow the
feed in the bird to be metabolized and most of the feces voided (Veerkamp, 1986 and
Duke, et al, 1997, Contreras7Castillo, et al, 2007). Additional research has demonstrated
that a FW period of 8 – 12h provides an acceptable balance between minimizing BW,
carcass losses and fecal contamination during processing (Smidt et al, 1964, Wabeck,
1972, Warriss et al, 2004, Papa, 1991, Zuidhof, 2004a). Many of these reports include
complicating factors in their evaluation of FW time and therefore it is necessary to
evaluate FW programs while considering the other factors involved.
Feed withdrawal periods of 2, 4, 6, 8, 12, 14, or 16 hours showed decreases in
BW (Smidt et al, 1964) but attributed the loss to emptying of the GIT since there was no
decrease in carcass yield based on pre7fasted BW’s. Feed withdrawal periods of 16h or
greater resulted in a decrease in BW and a decrease in carcass yield indicating that there
was a loss of edible tissue. There was an increase of carcass yields when yields were
based on fasted weights up to 24h FW but yields were reduced at FW periods greater than
24h
4

Veerkamp (1978) determined that the BW loss of Hubbard broilers after 3h was
linear and equal to 0.353%/h. The BW loss was the summation of the loss of edible
parts, digestive tract contents and offal. Edible parts exhibited a linear relationship with a
reduction of 0.204%/h. Papa and Dickens (1989) reported a BW loss after 4h of FW of
2.4%, similar to Moran and Bilgili (1995) of 2.5%. Others have reported similar linear
decrease in BW as FW times increased (Smidt et al, 1964, Wabeck, 1972, Veerkamp,
1986, Rasmussen 1989, Lyon et al 1991, Bartov, 1998, Warriss, et al, 2004, Zuidhof et
al, 2004, Gomes et al, 2008).
Feed withdrawal longer than 10h results in depletion of available energy so that
requirements are then met by catabolism of body energy reserves (Zuidhof et al, 2004).
This is similar to Warriss et al (2004), who reported that FW greater than 6h results in
depletion of glycogen stores with energy requirements provided by catabolism of body
tissues.
Commercial Broilers (CB) raised under an alternative system (no antibiotics,
growth promotants, anticoccidials or animal by7products) had similar results in BW after
FW. Increasing FW periods increased BW loss and decreased carcass yields. Higher
yields were obtained with FW times between 3 hr and 9hr (Contreras7Castillo et al,
2007).
Feed withdrawal time impacts carcass yield. Eviscerated yields calculated as a
percentage of pre7fasted BW were lower at 12 and 24h as compared to 0, 3, 6h (Brunson
1957). This agrees with others (Wabeck, 1972, Veerkamp, 1986, Chen et al, 1983, and
Rasmussen and Mast, 1989). Contreras7Castillo et al (2007) reported a linear decrease in
carcass yield from 3 to 18h (1.51% 7 5.32%).
5

Eviscerated carcass yields did not decrease with increasing FW times up to 16
hours (Smidt, et al 1964) when the carcass yield is based on post7fast BW’s. Carcass
yields increased when calculated on fasted BW (instead of pre7fasted BW) up to16h of
FW. This indicates that the BW loss was GIT contents and not edible tissue. This agrees
with Wabeck, (1972), Veerkamp (1986) and Rasmussen and Mast (1989), and Sengor et
al, 2006.
Viscera, heads, feet, blood and feathers shrink at a different rate than edible
tissue. All tissues shrink at a similar rate during the first eight hours of feed withdrawal
but shrink of non7edible tissue increases during the 8 – 16h period compared to edible
tissue (Chen et al, 1983). Veerkamp (1978) reported offal shrink to be 0.1103%/h.

Factors Affecting Feed Withdrawal
Before feed withdrawal procedures begin at the end of the production period,
there are many factors that can affect how the successful the feed withdrawal process will
be.

Cooping and Transport
Total FW time includes periods of fasting in the house and time in coops or on
live haul transport trucks. It is important to understand how each of these conditions
affects the GIT contents as it relates to processing. Male broilers held with no feed or no
water in coops exhibited significant reduction in BW at 24h compared to 12h (4.92%, and
4.00% compared to 2.22%, and 2.67%). This impact on BW was important as it was

6

common for processors to hold birds in crates with no feed or water overnight (Wabeck,
1972).
May and Deaton (1989) reported that CB cooped during FW had more material in
the crop after 2 and 4h and the gizzard at 6h as compared to CB left on litter in pens.
Although no differences were seen for the small intestine, total GIT contents were greater
for cooped birds. The movement of digesta is hindered at the junction of the gizzard and
small intestine due to the stress of cooping or the lack of movement after being cooped.
This is similar to Summers and Leeson (1979) who found 70% of birds held in crates for
16h had feed in the gizzard. In contrast, 50% of birds held for 12h on litter had an empty
tract except for the ceca. Gut motility is reduced with the stress of catching and hauling
so a minimum of 4h of the total FW period should be on the litter to clear gut contents
(Zuidhof et al, 2004b). This is in contrast to Kamus and Farr (1981) that reported
reduced contents in the proventriculus and crop after hauling.
BW losses of CB cooped after 10 hours of FW and then transported were greater
for CB cooped and held stationary (Moran and Bilgili, 1995). The additional loss of
weight was due to convective heat loss during transportation. In addition, the BW losses
of transported CB were reflected in carcass weight. This is similar to Veerkamp (1978)
who reported linear BW losses of 0.353%h for cooped broilers as compared to Veerkamp
(1986) reported BW losses of 0.20% 7 0.24%h for CB kept in on litter in pens. Zuidhof
et al (2004a) reported no differences in BW, GIT weight and carcass yield when birds are
held in coops for 4h and transported or not transported.

7

Body weight loss in birds cooped after 127hour feed withdrawal and held at
10.0˚C or 32.2˚C for 0, 8 or 16h (Chen et al, 1983.) exhibited linear BW losses for both
temperatures but nearly double for 32.2˚C (0.513% vs. 0.219%/h).
Density of CB in coops during transport affects BW loss. Transporting broilers in
crowded coops resulted in a 5% reduction of BW in fasted broilers as compared coops
with lower bird density. High transport density also resulted in higher core temperatures
regardless of presence or absence of feed prior to transport High transport density limits
the bird’s ability to dissipate heat (Delezie et al, 2007).
Transport did not increase plasma levels of corticosterone for fed or fasted birds
except at high transport density (Delezie et al, 2007).

The height of the transport cage

did not affect live shrink or defecation patterns in CB (Taylor et al, 2002).

Feeding Regime
Males fed higher energy feed lost significantly more (8.13% vs. 6.32%) BW
(Chen et al, 1983) at 16 hours of FW than males fed lower energy feed (3325 kcal/kg vs.
3100 kcal/kg). Similar results were seen in females (6.91% vs. 5.50%). Eviscerated
carcass yield based on full fed BW was similar for both males and females regardless of
energy level. Eviscerated carcass yield based on fasted weights were similar for females
but greater for males fed the higher energy.
The effect of diets fed prior to FW was also evaluated by Bartov (1998). The
energy:protein ratio of the diets had no effect on the decrease in carcass or breast meat
weights. Although body weight, breast meat weight and yield are affected by
energy:protein ration and feed form (pellets or mash), it has no effect on BW loss during
8

FW of 10 h or 24 h. In addition, FW had no affect on the relative size of the abdominal
fat pad or fat content of the meat.
Carbohydrate source (wheat, corn or milo) fed to CB prior to FW had no impact
on weights or yield (Lyon et al, 2004).

Light
Commercial broilers are caught nearly 247hours per day. Scheduling can limit the
time CB are held on litter before cooping. Cooping slows rate of passage (ROP).
Providing light to cooped birds increases crop clearance at 2h after FW compared to
cooped birds held in the dark. Results were similar for birds held on litter with 2, 4 and
6h of FW. When CB are cooped after 2 or 4h FW, crop clearance may be improved if the
holding shed at the processing plant is illuminated. If CB are held on litter during FW for
4h or more, lighting the holding sheds at the plant may have no effect as crop clearance
has already been maximized (May et al, 1990).

Environmental Temperature
Wilson et al (1980) reported that increased temperatures decreased the Rate of
Passage (ROP) of digesta in white Pekin ducks. May et al (1988) used ferric oxide to
measure the ROP of CB at 16˚C or 27˚C or exposed to temperature cycles of 16724716˚C
or 24735724˚C. No consistent differences were seen in ROP due to temperature. The
weight of GIT contents were not affected by temperature. Additional evaluations at 18˚C
and 27˚C showed no difference in ROP (May et al, 1990).
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Body weight loss in birds cooped after 127hour feed withdrawal and held at
10.0˚C or 32.2˚C for 0, 8 or 16h (Chen et al, 1983.) exhibited linear BW losses for both
temperatures but nearly double for 32.2˚C (0.513%/h. vs. 0.219%/h.). Males had higher
weight loss than females. Weight loss was due to increased evaporative loses in response
to the higher temperatures.
BW losses were evaluated after holding in a simulated shed in a structure
designed to simulate various holding conditions that may be seen at commercial
processing plants. Males and females held in an open shed lost more weight than when
held in a shed ventilated with fans or evaporative cooling. Females lost less weight than
males when held in an air conditioned shed or when fans and foggers were used to cool
the shed. A Temperature7Heating Index utilizing (THI) both temperature and humidity
was lowest for the air conditioned shed and the shed with fans and fogging. Males may
have taken advantage of lower THI to reduce BW losses (Benibo and Farr, 1985).

Age
The effect of age on BW loss during FW is significant for age of the broiler.
Veerkamp (1986) reported BW losses of CB to be greater for young birds (38 days)
compared to older birds (43 or 50 days). BW losses for FW withdrawal times from 4 –
24h were 0.20% 7 0.24%h based on age. FW periods of 12 – 24h resulted in greater BW
losses in 42d broilers as compared to 44 or 48d of age (Buhr et al, 1998). Moran and
Bilgili (1995) reported difference in BW loss of 2.5% for males and females at 39 days
compared to 1.90% for males and females at 53 days after 4h of FW on litter. This
difference was attributed to emptying of the GIT tract that is reduced as a proportion of
10

total body weight in the older birds. The proportion of body weight lost by emptying was
less for the older birds due to increased BW.

Sex
Most CB are raised as straight7run flocks meaning that males and females are
placed and raised together in the house as they are hatched. Significant differences in the
response to FW withdrawal programs would be difficult to manage if males and females
responded differently. Veerkamp (1986), Bartov (1998), and Zuidhof et al (2004)
reported no differences in the response of males and females to FW. Moran and Bilgili
(1995) reported no differences in BW loss of males and females subjected to transport or
held stationary. Benibo and Farr (1983) held CB in pens and found BW losses were
similar for 4, 9, and 14h for males and females.

Housing
Housing type has changed from open7sided houses (Conventional Housing CH) to
environmentally7controlled houses (EH). The impact of feed withdrawal on BW in
different housing types was evaluated by Fletcher and Rahn (1982). Conventional houses
had less BW shrink than the EH (4.69% vs. 5.63%) after 12 hours of FW when birds
began feed withdrawal at night. When the CH began feed withdrawal during the day, the
shrink was not significantly different than the EH. Activity and feeding patterns in the
CH are more susceptible to the diurnal light cycles. Birds in the CH eat less at night and
would have less GIT contents at night compared to birds reared in an EH resulting in
lower BW loss after FW.
11

BW loss during the first 6h is due to elimination of GIT contents, time interval
since eating and stress. Shrink after 6 hrs is likely due to stress, reaction to light, activity
and other environmental factors. Birds from the CH caught during the day had similar
shrink in the first 6 hrs due to consumption as a result of increased light levels. Shrink in
the next 6 hrs was less due to a decreased response to catching activity. The acclimation
to this activity occurred because CH provides more outside stimuli than EH. Shrink in
the EH when birds were caught during the day were greater than the CH due to increased
feeding patterns compared to the CH for the first 6h but decreased during the next 6hr
due to greater physiological reaction to stress and outside stimuli. This information
could be used to reduce shrink by scheduling feed withdrawal times by house type.

Water Availability
Birds that are given ad libitum access to feed and water exhibit drinking activity
7.2 times per 4h period with consistent activity during a 24h period. When feed is
removed drinking activity decreases to 3.7 drinking activities per 4h period over a 24h
period. Removing feed reduced water intake to 52% of full7fed birds per 24h period with
only 36% of total water consumption occurring in the last 8h. Body weight losses for
birds withdrawn from feed were 0.29%/h for birds when water was available as compared
to 0.30%h when water was also removed. The removal of water does not appear to have
any advantage and would be undesirable from an animal welfare perspective (Warriss et
al, 2004). This is contrary to Veerkamp (1986), Zuidhof et al (2004), and Gomes et al
(2008), that reported greater BW losses during the feed withdrawal period for birds with
no access to water prior to crating and transport.
12

Weights of intestinal segments were not affected by the absence of water for birds
on litter during feed withdrawal (May and Deaton, 1989). However, Savage (1995)
reports that if feed and water are removed simultaneously, feed stops descent through the
tract and dry feed and identifiable pellets are observed in the gizzard after 7, 22 and 27
hours off feed and water.
Increased water consumption did not decrease the amount of digestive tract
contents in the gut. Larger BW losses are observed in birds with no access to water
during FW because they experience dehydration from the respiratory tract as compared to
birds with ad libitum water access (Gomes et al, 2008).
Adding commercially available sources of Na+ or K+ to the drinking water of CB
can increase water intake during periods of heat stress. Gomes et al (2008) used sodium
bicarbonate or potassium chloride to increase water consumption prior to and during FW.
Sodium and potassium addition increased water consumption at all concentrations (to
0.45%) during the FW on the farm. Although water intake increased linearly with all
concentrations, BW losses increased linearly with time off feed with the greatest BW loss
occurring in birds with no access to water. BW losses were 0.20% and 0.36% /h for birds
with and without access to water.

Alternative Feeds
Maltodextrin, a D7glucose polymer has been used (Farhat et al, 2002, Nijdam et
al, 2006, Trampel et al, 2005, and Rathberger et al, 2007) to reduce the BW and carcass
losses due to periods of fasting during FW.
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Providing CB with a highly soluble and digestible alternative feed during the FW
period can reduce BW losses. Commercial broilers supplemented with maltodextrin
reduced BW loss compared to full7fed controls. Live weight shrink was reduced by 2
gms/hr/bird for the alternative feed. This equates to 40kg/h for a house of 20,000 birds.
Extending this calculation to a commercial processing plant of 1,000,000 birds per week,
an additional 20,000 kg of live weight would be available each week.
Birds fed a maltodextrin supplement or maltodextrin plus methionine during the
FW period showed lower BW loss (90 gms) compared to 112 grams in birds fasted 12
hrs. BW losses for the first 6 hrs were 38 gm and 26 gm (maltodextrin or maltodextrin
plus methionine) compared to 62 gms for the control birds (Trampel et al, 2005).
Turkeys fed a similar replacement feed had a BW loss of 2.7% compared to 4.4% for the
fed controls (Rathberger et al, 2007).
During the withdrawal period, consumption of feed by chickens fed the
Maltodextrin supplement was less than the control group eating their normal corn7
soybean ration (Trampel, 2007). When the Maltodextrin was fed to turkeys over a
staggered marketing schedule, they did not consume as much the second time it was
offered to them (Rathberger et al, 2007).

Effects of Feed Withdrawal

Impact on Processing
Birds that are processed with an empty GIT have less potential for carcass
contamination during processing (May and Deaton, 1989, Papa and Dickens, 1989,
14

Rasmussen and Mast, 1989, Papa, 1991, Lyon et al, 1991, Bilgili, 1998, Warriss et al,
2004, and Gomes, et al, 2008). Carcass contamination by GIT during processing was
reduced when feed was removed for 16h as compared to 4h. Internal contamination of the
carcass allows for trimming of unaffected parts (legs, breast muscle, wings) but results in
processing inefficiencies and economic losses. The percentage of carcasses removed
from the line for trimming was reduced at 12h and 16h FW compared to the 4h and 8h
FW. Zuidhof and associates (2004a) recommends 12h FW to reduce carcass
contamination. This is substantiated by the significant reduction in gut contents of 1.5%
and 1.6% after 12h FW compared to full fed broiler breeders after no electrical
stimulation or electrical stimulation after slitting (Northcutt et al, 2002).

Rate of Passage
When broilers are raised with uninterrupted access to feed, thermoneutral
environmental temperatures and 24h of light or nearly 24h of light, they eat at a regular
interval of approximately 4h. Drinking behavior will be similar. Interruptions to this
schedule will impact the ROP and require modifications in the feed withdrawal program
(Savage 1995). May et al (1998, 1990)) reported that changes in ROP are related to crop
fill. Activities that alter crop emptying impact the ROP. Feed withdrawal programs of
four hours before catching and processing were initially considered adequate for most of
the fecal material to be voided from the GIT (Wabeck, 1972).
There are many factors that influence the passage of feed through the GIT. The
effect of temperature on ROP was evaluated by May (May et al, 1988). Birds on a
continuous feeding program were held in temperature treatments of 16˚ C or 27˚C or at
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cyclic temperatures of 16724716˚C or 24735724˚C. Lights were either 23L:D or 16L:8D.
Birds were given a gelatin capsule containing 0.5 grams of ferric oxide so that ROP could
be determined by the appearance of ferric oxide in the fecal material. Temperature had
no effect on ROP in two of the three replicates. The difference in the third replicate
could not be repeated in subsequent trials (May et al 1988). Crops weight retained more
feed at 24˚ C than at 13˚ C when feed was offered on a 12h alternating schedule.
Although the difference was not significant, May (May et al, 1990) repeated the
experiment using 27˚ C and 18˚ C. Feed was offered for 1.5 hours and removed for 4.5
hours. There were significant differences due to temperature. Wilson (Wilson, et al,
1980) reported that high temperatures increased the ROP in White Pekin Ducks.
Since many individual farms are utilized to produce broilers for a processing plant
there are opportunities for inconsistent management conditions either intentionally or
unintentionally. Presentation of feed prior to feed withdrawal can influence the ROP.
Feed can be available ad libitum or may be presented at specific times as meal feeding.
Meal feeding has been used to maximize feed efficiency (Reece et al, 1986) or can result
from equipment malfunctions or disruptions in deliveries from the feed mill. The effect
of meal feeding, or periods of fasting and re7feeding, increases the retention of feed in the
crop and an unsatisfactory presentation of the intestinal tract at the processing plant (May
et al, 1988, 1990). When meal feeding has been used in broiler flocks patterns have been
established so birds learn to anticipate the absence of feed and over consume feed prior to
the absence of feed as compared to the previous two7hour period. Birds that are exposed
to scotoperiods in combination of feed absence are better at anticipating feed absence
than birds on continuous photoperiods and consume more feed in the two7hour period
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prior to feed absence. It takes 275 days for birds to return to a constant consumption
pattern after meal feeding (May and Lott, 1992). Flocks must be returned to constant
consumption patterns before feed withdrawal can be administered in a consistent manner
(May and Lott, 1992).
Short feeding cues prior to feed withdrawal do not improve carcass contamination
by synchronizing feeding activity. Birds subjected to feeding cues over consume feed
after the cue to make up for feed missed during the cue. Although synchronizing cecal
emptying could be achieved by feeding cues for up to 47hours (time period between
meals), carcass contamination was lowest in the group with no interruption in feed
availability (Zuidhof et al, 2004).
Unplanned, short7term feed outages can occur prior to feed withdrawal as a result
of over placement of birds, temperature changes or miscalculations in feed consumption.
May and Lott, (1992) reported that birds increase feed consumption during cold weather
and decrease consumption in warm weather. A decrease in temperature could result in
consumption higher than anticipated resulting in a short7term feed outage. A 127hour
feed outage 0, 12, 24, or 48 hours prior to feed withdrawal resulted in overconsumption
of feed to compensate for the missed feed (Taylor et al, 2002).

Gastrointestinal Tract
The GIT tract constitutes about 1.5% of the chicken’s BW but consumes nearly
8% of the energy metabolized (Spratt et al, 1990). The GIT tract reacts quickly to
changes in nutrient availability. The effects of long7term fasting of white leghorns to
induce molt (Tarachai and Yamauchi, 2000, and K. Shamoto and K. Yamauchi, 2000)
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included loss of duodenal villus height and morphology. Withdrawing feed from broilers
results in no change in ilieal villi heights (Thompson and Applegate, 2006) but crypt
width and depth decreased as FW time increased. Jejunal villus height increased with
increased FW time. Jejunal crypt depths increased until the birds had been off feed for
127hours but then decreased. There was no change in the rate of enterocyte migration as
FW time increased. Increasing FW times resulted in a 2%h loss of ileal mucus with no
change in the number of goblet cells (Thompson and Applegate, 2006).
Northcutt et al (1997) described the shape of the intestinal tract, intestinal villi
and presence of bile in the GIT in birds withdrawn from feed 0, 3, 9,12,14,16 and 18
hours. Birds off feed for 9 or 12 hours had viscera described as flat, with mild sloughing
and some bile present. The diameter of the jejunal and ileal segments decreased with
increasing time off feed. The narrowest diameter reported at 18hrs and greatest diameter
after 24 hrs suggesting gas inflation of the gut (Northcutt et al, 1997 and Buhr et al,
1998).
Changes in the ceca, colon and cloaca contents decreased with FW of 8 – 12h
compared to 0 7 4h but were not significantly different than 16 – 24h (Papa, 1991,
Warriss, et al, 2004). This contradicts the results of Wabeck (1972) reported an increase
in cloacal and cecal contents in extended feed withdrawal periods.
An increase in fecal moisture as FW time increases could increase the risk of fecal
contamination of slaughter equipment and adjacent birds. Wabeck (1972) reported an
increase in fecal moisture with increasing FW times. Warris et al (2004) found an
increase in moisture in the colorectum but cecal contents became drier after 8h FW.
Moisture of the small intestinal contents increased for 0 – 4h, 8 712h, or 16 – 24h of FW
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(Zuidhof et al, 2004, and Papa and Dickens 1989, and Warriss et al, 2004). This
contradicts Papa (1991) who found no change in moisture of gut contents with increasing
FW times.
Commercial broilers held without feed or without feed and water reduced fecal
excretions after 4 hrs. Defecation rate was reduced from 4.2 excretions per 4h period for
full fed broilers to 1.7 or 1.5 excretions per 4h period for CB held without feed or feed
and water. This could reduce fecal contamination during transport, slaughter and
scalding. Papa and Dickens (1989) reported an increase in excretions with increase in
feed withdrawal at slaughter. Method of slaughter may influence the location of fecal
material in the intestinal tract. Wabeck (1972) and Papa and Dickens (1989) evaluated
birds after electrical stun and exsanguination and Papa (1991) evaluated intestinal
contents after ether inhalation. Papa and Dickens (1989) also observed perimortem
defecation in 40% of the birds while Papa (1991) only observed perimortem defecation in
two birds in the 0h feed withdrawal period.

Gut Strength
Gut tensile is important for efficient evisceration with automated equipment.
Tensile strength increases with age with 42d and 49d stronger than 21d. Tensile strength
decreases with feed withdrawal time greater than 14 hours. The strength of the foregut is
similar in males and females (Bilgili and Hess, 1997, Buhr et al, 1998,) while the hindgut
is stronger in males (Bilgili and Hess, 1997). This is contrary to the shear strength of the
proventriculus – ventriculus junction and small intestine that increase with increasing
withdrawal time (Bilgili 1988) with no difference in the proventriculus or colon. Buhr et
19

al (1998) reported no difference in shear values across all feed withdrawal times for
ileum, jejunum and proventriculus – ventriculus junction. Tensile forces may be a more
accurate indication of changes in intestinal integrity.
Intestinal pH was 0.2 pH units higher after 12 feed withdrawal compared to full
fed broiler breeder birds (Northcutt et al, 2002). An increase in crop pH from 5.3 to 6.3
after 6 h and an additional increase to 6.4 after 12 h were reported by Hinton et al (2000).
Increases in pH may result from reduction in the lactic acid bacteria in the crop
(Northcutt et al, 2002).

Liver
Liver weight decreases with increasing time off feed. Liver weight as a
percentage of post7feed withdrawal weight decreased with time off feed with the highest
percentages calculated for the youngest broilers (Buhr et al 1998). This agreed with
Jensen et al (1984) and Trampel et al (2005). Liver pH increased (6.6 vs 6.4) after 9 h
FW (Savenije et al, 2002).
Feed withdrawal time resulted in significant decreases in liver lightness (L*),
redness (+a*), and yellowness (+b*). The surface of the liver appears darker, less red and
less yellow at all feed withdrawal times (Buhr et al, 1998,). Trampel et al (2005) found
similar results but (b*) was not significantly different. Northcutt et al (1997) reported
similar responses with (+a*) but no change in (L*) and (+b*) followed a curvilinear
pattern. This difference may be due to a difference in water withdrawal. Jensen et al
(1984) saw no apparent change in liver color or appearance in fasted birds.
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Broilers feed Maltodextrin as a feed supplement during the feed withdrawal
period had livers that were intermediate in (L*) compared to fasted birds (darker) and full
fed controls (lighter). The difference in color was due to the hepatic lipid concentration
that was highest in the full fed birds resulting in the lightest color (Trampel et al, 2005).

Gall Bladder
Alteration of gall bladder shape could result in carcass contamination (Buhr et al,
1998). Distended gall bladders are subject to breakage during processing requiring
trimming or condemnation of carcasses (Taylor et al 2002). Northcutt et al (1997)
observed the bile staining the intestinal tract at 9712 hours of feed withdrawal.
The size of the gall bladder increases with increasing feed withdrawal time. Gall
bladder size relative to live weight increased linearly (Bilgili and Hess, 1997) and with no
difference between sexes. Gall Bladder length was increased in 44 day and 48 day male
broilers with increasing feed withdrawal time up to 24 hours. Gall bladder width
increased with time off feed but did not have a significant relationship to time off feed.
Male turkeys exhibited a significant increase in gall bladder size at 8h and 12h off feed
but not at 4h. Females had increasing gall bladder size but the increase was not
significant at 4h, 8h, or 12 hours (Duke et al, 1997). Taylor et al (2002) reported similar
results. Gall bladder size and moisture was increased at 12h FW compared to 0hFW but
neither was different at 24h FW. Although males and females responded similarly in one
experiment, females but not males exhibited an increase in gall bladder size result in a
second experiment.
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Meat Quality
FW programs have an impact on the meat characteristics of broilers. CB with a
FW of 9 h and held in transport trucks for 4 h had lower pH in the thigh muscle. Kannan
et al (1997) suggested that feed deprivation resulted in reduced glycogen concentrations
in B. femoris with an increase in lactic acid. This agrees with Warriss et al (1988).
Feed withdrawal (8h) resulted in changes in breast fillet color. Fillets were lighter
(L*), less red (b*) and more yellow (a*) than fillets from full fed CB. Color changes
result from short term lack of nutrients and lack of available glucose (Smith et al, 2002).
This agrees with the findings of Kotula and Wang, (1994). The light color and redness of
the fillets continued after cooking but not the increased yellow (Lyon et al, 2004).
Breast fillets that were exposed to electrical stimulation after exsanguination and
high temperature conditioning showed decreasing shear values with increasing FW
periods compared to untreated controls. Although this improvement did not continue
after 5 h FW, an extended FW period of 10 h may have resulted in an increase in fatty
acid oxidation. This may explain the lack of response after 10 h FW as fatty acid
oxidation would provide more ATP than glycogen induced ATP during shorter FW
periods (Sams and Mills, 1993). This is consistent with Lyon et al (2004) that saw no
difference in shear values after 8 hr of FW.

Changes in Gut Microflora
The Centers for Disease Control and Prevention estimates that documented cases
of Salmonellosis are 40,000 annually with unreported cases reaching 1.2 million.
Similarly, Campylobacter infections may reach 2.4 million annually. Both organisms can
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be found in the intestinal tract of chickens (CDC, 2010). Fecal contamination of poultry
carcasses during evisceration are a potential vector for infection. Feed withdrawal
programs are concerned with preparing CB flocks for processing to reduce fecal
contamination of carcasses and reduce a potential source of human infection.

Salmonella
The ceca has been reported to be the primary source of Salmonella colonization in
CB’s (Fanelli et al, 1971). More recently the crop has also been implicated as a source of
Salmonella contamination. Samples from a commercial processing plant resulted in 52%
of the crops positive for Salmonella compared to 14.6% of ceca (Hargis et al, 1995). The
crop is more susceptible to damage or rupture (25.7% crops vs. 0.3% ceca) during
processing allowing for potential carcass contamination (Hargis et al, 1995).
Ramirez, et al, (1995) observed a significant increase in Salmonella7positive
crops from CB challenged with Salmonella enteritidis by oral gavage after 18h of feed
withdrawal compared to full7fed controls. The incidence of positive ceca after FW was
not consistent. Additionally, crops and ceca from CB were collected before and after 8h
of feed withdrawal. The incidence of Salmonella positive crops from increased from
19% to 36% after 8h of feed withdrawal. There was no change in the recovery of
Salmonella in the ceca of full7fed versus CB after 8h FW (31% vs. 25%). This is in
agreement with Corrier, et al (1999) that the incidence of Salmonella positive crops in
CB increased from 1.9% to 10% after 2 to 8 h of feed withdrawal prior to cooping and
transport. In addition, the increase in Salmonella positive crops after FW may be due to
ingestion of litter during the FW period (Corrier et al, 1999).
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The increase in Salmonella in the crop may be due to a shift in microflora as a
result of the decrease in the lactic acid bacteria during feed withdrawal (Hinton et al.,
2000a). The decrease in the concentration of acetic, propionic , and lactic acid in the
crop (Hinton et al, 2000a) and the increase in pH of the crop contents is responsible for
the loss of lactic acid bacteria populations (Hinton et al, 2000a). The addition of a
glucose cocktail containing 7.5% glucose can maintain lactic acid bacteria and decrease
crop pH (Hinton et al., 2000b). Additional studies with indicate that improvement in
maintaining a normal crop environment can be achieved with cocktails containing 2710%
sucrose instead of glucose (Hinton et al., 2002).
Rigby and Pettit (1981) evaluated Salmonella recovery from the ceca of CB
cooped after 0h or 8hr FW. The incidence of infection was less in CB cooped after FW
than those with access to feed prior to cooping. The reduction in fecal excreta in the FW
treatment reduced the potential for contamination in while in the coops.
The increase in Salmonella in the crop after FW may be a result of microflora
change during FW. As FW time increases, nutrients available for normal crop micro
flora are not available. The lack of nutrients results in loss of lactic acid bacteria that are
responsible for a crop pH lower than optimal for Salmonella survival. The addition of a
7.5% glucose or sucrose cocktail to the water of CB during FW resulted in a stable crop
pH. The glucose cocktail provided nutrients for lactic acid producing bacteria to reduce
the colonization of the crop with Salmonella (Hinton et al, 2000 and Hinton, et al 2002).
Turkeys fed Maltodextrin as a supplemental feed during feed withdrawal had a
significant reduction (~90%) in E. coli and total coliforms per gram of crop. Salmonellae
were not detected in the crop of the treatment or control birds because supplemental feed
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may reduce pathogens by maintaining a lower crop pH than fasted controls (Rathberger
et al, 2007).

Campylobacter
Similar results were found for Campylobacter recovery in CB after FW. CB with
no feed withdrawal were 63% positive (ceca) or 38% positive (cloaca) for Campylobacter
while FW periods 12h or more resulted in 100% positive ceca and 50% positive cloaca
(Willis et al, 1996). This agreed with the findings of Byrd, et al (1998) and Sengor, et al,
(2006).
Campylobacter was recovered in the crop of CB after 5hr of FW (Byrd et al,
1998). This is similar to Salmonella and may indicate a critical control point for reducing
bacterial contamination by Salmonella and Campylobacter prior to processing. The level
of Campylobacter contamination in processing facilities may vary due to line speed, type
of eviscerating equipment or feed withdrawal practices (Izat, et al, 1988).

Physiological Impact of Fasting on Feed Withdrawal

Corticosterone
Corticosterone (CS) is the most reliable measure of stress in broilers (Thaxton and
Puvadolpirod, 2000) Scott (Scott et al, 1983) was the first to evaluate the effect of feed
and water withdrawal on the circulating CS levels of broilers. Removing feed and water
from broilers left in a pen results in a linear increase in CS that is significant after four
hours. Although the levels decreased after 87hours, the 107hour levels were significantly
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different than initial levels. When cooping was used as the feed and water removal
method, CS levels doubled after two hours with a fourfold increase at 87hours compared
to initial levels. CS levels in non7cooped controls did not double until 87hours. Males
showed a greater elevation in CS levels than females when cooped. No significant
increase in hematocrit levels was observed until 107hours post feed and water removal.
The elevation in CS levels was not due to changes in plasma volume due to time off
water.
Similar increases in CS levels were observed after four hours off feed and water
in Japanese Quail (Coturnix coturnix japonica). Unlike immature broilers, sexually
mature male quail exhibited higher mean CS levels. Both sexes reacted similarly to time
off feed and water (Scott et al, 1983).
DeBeer et al (2008) reported an increase in CS in breeder pullets prior to crop
emptying with a greater increase for pullets on a skip7a7day (SF) feeding versus everyday
(E) feeding. The mean CS level was two7fold for the S regimen. Some of the increase in
CS was attributed to aggressive feeding activity during the feeding period in addition to
fasting. This is contrary to Bartov et al (1988). No increase in CS levels were observed
in broiler breeder pullets during fasting periods of either skip7a7day or skip7two7day
feeding regimes.
Nijdam et al, (2005) found increased CS levels after transport but not as a result
of FW of 13h. This is agrees with Nijdam et al ( 2006), that no increase CS was
observed in FW times up to 277hours nor in transport of broilers.
Little has been done to evaluate the effects of transporting CB on CS. However,
Delize et al, (2007) found that transporting CB had no effect on plasma CS with or
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without FW except when density was high (0.0350 m2 vs. 0.0575 m2) in the transport
crates.

Insulin
The initiation of feed withdrawal shifts broiler metabolism from anabolic to
catabolic (Buyse, et al, 2000). The primary hormones in this shift are insulin and
glucagon. Insulin is released from the B7cells in the avian pancreas. It is a two7chained
polypeptide made up of 51 amino acids. The A7chain (20 aa) is connected to the B7chain
(31 aa) by two disulfide bonds that remain connected to insure activity (Sturkie, 2000).
The response of insulin levels in chickens to fasting is similar to that in mammals
(De Beer, et al, 2008) even though circulating glucose levels are two to three7fold higher
than those in mammals (Hazelwood, 1986, Akiba et al, 1999, Tokushima et al, 2003).
This may be due to lower number of insulin receptor sites per cell. Simon and Rosselin
(1978) postulate that reduced numbers of insulin receptors are responsible for higher
steady state glucose levels with the regulatory role of insulin being similar to that in
mammals. Fasting is reported to cause a decrease in circulating insulin levels in 577
week old broilers (Krestel et al, 1986). Circulating concentrations of insulin decreased
steadily after completion of feeding in female broiler breeders at 16 weeks (De Beer et al,
2008).
However, compared to mammals, chickens are considered to be insulin7resistant
(Simon, 1989). Circulating glucose levels respond to insulin but at 47times the level
required to reduce glucose in mammals (Akiba et al, 1999). Studies of newly hatched
chicks suggest that sensitivity to insulin may be age dependent with greater sensitivity to
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insulin at Day 1 than Day 7 (Tokushima et al, 2003). Additional sensitivity to insulin
post7hatch is consistent in both layer and broiler strains (Tokushima et al, 2003).
Although the mechanisms are not clear, insulin does play a role in glucose homeostasis.
Administration of antisera against insulin to fed chickens results in an increase in
circulating levels of glucose (Simon, et al, 2000, DuPont, 2008). Turkey and chicken
insulin contain the same peptide sequences and are ‘superpotent’(greater response than
mammalian insulin) in bioassays. This ‘superpotent’ property may be a result of
structural changes in chicken and turkey insulin compared to mammals (Simon, et al,
1974). This increase in activity may be why glucose is cleared quickly form the blood
even when there are fewer insulin receptors at the cellular level (Simon et al, 1978).
Studies of perfused chicken pancreas to glucose indicate a high chicken insulin
threshold and a low response to high levels of glucose (King and Hazelwood, 1976). The
addition of glucagon increased insulin release (King and Hazelwood, 1976). This
difference may be due to a structural difference in the acinar cells in the pancreas. The
avian islet cells are divided into two classes: larger islets are predominantly glucagon7
secreting while the smaller islets are insulin7secreting (Hazelwood, 1986). In mammals,
the B7cell core of the islet releases insulin to the periphery and bathes the A7cells with
high insulin concentrations which suppress glucagon. The difference in structure may
account for differences in hormone levels and responses (Klandorf, 1988).
Injection of guinea pig antibody directed against porcine insulin results in rapid
and sustained hyperglycemia in fed chickens (Simon et al, 2000, Dupont et al, 2008).
However, others have found insulin release in the chicken to have a low sensitivity to
glucose and glucose has a low sensitivity to insulin (Heywood and Lorenz, 1959, Lorenz,
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1986). Akiba and colleagues (1999) induced hypoglycemia in chickens but insulin doses
were four times higher than required to induce hypoglycemia in mammals. Insulin
injections of 40ug resulted in mild hypoglycemia with glucose levels reduced less than
25% (Tokushima et al, 2005). Insulin increases the expression of phosphofrucktokiinase7
1 (liver type) in chicken pectoralis muscle but depresses expression in the extensor
digitorum longus mucslce (Seki et al, 2006).

Glucagon
Glucagon is released from A7cells in the avian pancreas. It is a single7strand
polypeptide that is active at 29 aa after cleaving from preproglucagon (179 aa) and
proglucagon (967100 aa). The structures of porcine and chicken glucagon vary by one
substitution at position 28 (threonine for serine) (Sturkie, 2000). Glucagon is considered
to be the hormone of “fasting” with glucagon release inhibited by glucose (Honda, et al
2007). Contrary to the situation in mammals, glucagon is considered to be the dominant
metabolic hormone in birds (Sturkie, 2000). Glucagon acts to breakdown stored
glycogen in times of fasting and increases circulating levels of glucose (Hazelwood and
Lorenz, 1957, Harvey et al, 1978).
Glucagon levels increased after fasting in 20 wk old chickens (Klandorf, et al,
1988). Glucagon levels were also reported to increase 12h following feeding when
breeder pullets were re7fed after 24h or “skip7a7day” feeding (DeBeer, et al, 2008).
Insulin (or induced hypoglycemia) increased circulating glucagon levels in 576 wk old
chickens of either genetically fat or lean lines (LeClergue, 1988).
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Glucagon levels in birds are high in comparison to mammals and not easily
suppressed. It suggests that glucagon may stimulate glucose production in birds
(Sinsigalli et al, 1987). Administration of glucagon to chicks significantly reduced feed
intake and increased plasma glucose (Honda, et al, 2007). However, when fed chickens
are administered glucagon antagonist, there is little effect on circulating glucose levels
(Simon et al, 2000).
Intracerebroventriculary7injected glucagon significantly suppressed feed intake in
8 day old chicks with a significant increase in plasma glucose. There were no similar
responses when glucagon was administered via the brachial vein suggesting that
glucagon may be acting as an appetite suppressing peptide in the central nervous system
(Honda et al, 2007).
Glucagon stimulates lipolysis at low concentrations (down to 0.1 ng/ml) in both
fat tissues and fat cells in the absence of glucose. This effect was enhanced by the
presence of high levels of insulin (Langslow and Hales, 1969) but not physiological
insulin levels suggesting that the fat tissue and cells are insensitive to insulin unlike rat
fat tissues. These results are similar to findings of Goodridge (1968).
Glucagon from chicken or porcine have similar clearance rates (4.5 min. for
porcine, 5.5 min. for chicken glucagon). Glucagon increased NEFA in the blood of
female turkeys. Glucose levels increased by 13% after 10 min and reached an increase of
22% and remained elevated for 2h (McMurtry et al, 1996). In addition, glucagon
stimulates hepatic gluconeogenolysis from lactate in chickens (Dickson and Langslow,
1978, Schulz et al, 1981, Suagano et al, 1982 and Koboyashi et al, 1989).
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Freeman and Manning (1971) found that glucagon is moderately lipolytic in the
avian fetus. Adipose tissue shows increasing sensitivity to glucagon during the perinatal
period and the after hatch. The physiological role of glucagon may be the control of lipid
mobilization and not controlling glycogenolysis. The change of tissue sensitivity from
fetus to neonate is not due to the change in lipid diet from yolk to a carbohydrate diet for
the neonate as the change occurs prior to the dietary changes.
Campbell and Scanes (1987) suggest an interaction with growth hormone (GH)
and glucagon. Growth hormone produces a progressive increase in lipolysis over 4hr in
vivo. Glucagon produces a significant increase in lipolysis within the first hour that
decreases over the same 4h period. Acting together, GH lowers the initial increase in
glycerol release as the influence of glucagon decreases. This modulation insures a steady
release of glycerol and free fatty acids over time. This may be most significant during
times of dietary stress or fasting.

Glucose
Glucose levels of chickens are twice as high as humans (Hazelwood, 1986, Akiba
et al, 1999, Tokushima et al, 2003). The level of circulating glucose is equal to that of
uncontrolled diabetes in mammals (Sturkie, 2000).
The facilitated diffusion of glucose across the plasma membrane is mediated by
GLUT transporter proteins (Freychet, 1976).GLUT4 transporter proteins play a major
role in the insulin7dependent movement of glucose to the cells of mammals. However,
GLUT4 homologues have not been identified in the Chicken Genome Project
((http://www.snager.zc.uk/Projects/G_gallus/). The lack of GLUT4 transporter proteins
31

(Seki, et al, 2003, Kono, et al, 2005, and Akiba, 2005) and the relationship between
GLUT2 transporter proteins and regulation of glucose metabolism in hepatocytes and the
high expression of expression of GLUT2 in liver and kidney may be responsible for the
hyperglycemia and insulin7resistance in chickens (Kono et al, 2005).
Chickens are more resistant to fasting than other mammals including rats and
dogs (Belo et al, 1976). Krestel7Rickert et al (1986) reported that chickens responded to
four7hour fast similarly to longer fasts. Glucose levels fell after four7hours to levels
similar to longer fasts. After re7feeding, insulin levels increased above physiological
levels and then retreated after 30 minutes to pre7fast levels. Others have shown
significant reduction in glucose levels at 12h, 24h and 48h of fasting (Harvey et al, 1978).
Hybro broiler chicks subjected to a once7a7day feeding regime had significantly lower
glucose levels at after the 247hour fast. After re7feeding, glucose levels increased to
significantly higher levels than full7fed controls. Glucose levels decreased to full7fed
control levels by 907minutes but increased again to significantly higher levels than full7
fed controls by 120 and 200 minutes post feeding (Buyse et al, 2002).
In contrast, Hazelwood and Lorenz (1958) and Simon and Rosselin (1978) have
found glucose levels were maintained through 47days of fasting with a rise in glucose
levels at Day 6. Glucose levels began to fall by Day 6 and 7 as the birds became
moribund. This ‘starvation diabetes’ may be caused by insulin resistance during fasting
but during prolonged fasting there may be an intense gluconeogenesis (Hazelwood and
Lorenz, 1958, Simon and Rosselin, 1978).
The enzyme glucokinase plays a major role in mammals’ ability to regulate
glucose levels. Glucokinase is present in liver and other glucose rich tissues and
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functions partially as a glucose sensor. Glukokinase (also known as hexokinase IV) is
one of four hexokinases active in mammals and phosphorylates hexose to hexose767
phosphate which is the initial step in glycolysis. Glukokinase in mammals is sensitive to
the nutritional state of mammals. Berradi, and colleagues (2005) found that chickens
have a homologuous protein but its expression is not sensitive to nutritional state.
Phosphofructokinase (PFK) in mammals plays a significant role in glycogenesis.
Fructose767phosphate is converted to fructose 1, 67diphosphate and is a key step in
muscle glycolysis. In chickens, PFK7L (Liver type) mRNA was increased 200% in
pectoralis superficialis muscle and decreased 40% in extensor digitorum longus muscle
after insulin treatment. There is no PFK7L activity expressed in mammalian muscle
tissue only PFK7M (Muscle type) (Seki et al, 2006).
Chickens selected for High (HW) or Low (LW) body weight demonstrate
different glucose levels after glucose intubation post fast. Glucose levels increased to
higher levels in the HW than LW and glucose levels in the LW birds returned to fasting
levels sooner than HW. It appears that chickens selected for high body weight may be
associated with glucose intolerance (Sinsigalli et al, 1987).
Loading and transport results in lower glucose levels in broilers feed7restricted
prior to loading. There was a concomitant decrease in lactate concentrations in the feed7
restricted broilers. It may be that transport may require more energy than can be supplied
by the oxidation of glucose during stress. Although energy supplies are available with
the release of corticosterone during the stress of transport and feed withdrawal, the
increase in NEFA suggests that additional lipolysis may be required (Nidjam et al, 2005).
This is in agreement with Van der Wal et al (1999) that observed a decrease in glucose
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levels after 10 hr FW but then slightly rebounded at 12 hr. Savenije et al (2002) saw a
decrease in glucose levels of 15% after 5 hr of FW as compared to full fed controls.
Glucose levels are too erratic to use for monitoring FW procedures at the farm level (Van
der Wal et al, 1999).

Body Temperature
Hatchlings are not homeothermic with a core temperature (Tc) of 40° C
(Freeman, 1965, Malherios et al, 2000, Mujahid and Furuse, 2009). The utilization of
residual yolk produces less metabolic heat than actively metabolizing tissues that develop
over the first 7 days. As metabolic heat production increases with digestion of “feed”, Tc
increases to 41° C (Freeman, 1965). Many researchers report mature Tc of 41 7 42° C
(Sandercock et al, 1995, Deeb and Cahaner, 1999, Yunis and Cahaner, 1999, Deeb and
Canhaner, 2001, and Lin et al, 2005a, b).
As a result of selection for improvements in growth rate and feed efficiency,
physiological changes have been reported. Several researchers have compared genetic
lines selected for growth rate to unselected controls. The increased growth rate has
resulted in a decrease in the ability of the birds to dissipate excess body heat (Cahaner
and Leenstra, 1992, Sandercock et al, 1995, Yalcin et al, 1997, Yunis and Cahaner, 1999,
Deeb and Cahaner, 2002, Sandercock et al, 2006). As a result, modern broilers will
require lower ambient temperatures to aid in heat dissipation. The decrease in ambient
temperature requirement for broilers weighing 1.5 73.0 Kg is 7° C from 1975 to 2000 (24
7 17° C). The decrease in temperature will continue as long as selection for rate of gain
continues (Emmans and Kryiazakis, 2000). This will be a problem in locations where the
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ambient temperature is high because genetic gains will not be expressed. Selecting birds
for feed conversion instead of weight gain is a strategy for hot climates as is selection of
genetic lines in this environment (Cahaner and Leenstra, 1992.) Etches et al, (1995)
describes heat stress in broilers beginning with Tc of 41.5° C with panting evident at 42°
C.
Feather cover has an impact on heat dissipation. Younger birds will be aided in
heat dissipation due to immature feather cover. As feather cover improves, heat
dissipation becomes more difficult (Deeb and Cahaner, 1999, Deeb and Cahaner 2001).
The effect of selection for improved performance has resulted in several
physiological changes in modern broilers. Selection pressure for rapid growth in broilers
over the last 50 years has resulted in growth rates that are four7times faster than layer
strains (Griffin and Goddard, 1994) and breast muscle growth in some high7yielding
broiler strains can be eight times greater than layer strains (Bulfield, et al, 1988). The
growth rate per day of age has doubled in the 257year period from 1975 to 2000 (Emmans
and Kryiazakis, 2000). Havenstein et al (2003) compared genetics from 2000 (Ross
308’s) to Athens Canadian Random Bred Controls (an unselected line that is
representative of broiler genetics of 1957). Carcass weights of the modern broilers were
6 times heavier at 43d compared to the ACRBC line.
Improvements in growth rate have resulted in other metabolic changes in modern
broilers. The increase in breast muscle will require extra nuclei in satellite cells. They
have the ability to differentiate into myotubes. The growth of muscle appears to be
limited by the ability of the satellite cells and their donation of nuclei to muscle fibers
(Bulfield, et al, 1988). Modern broilers have a twenty7fold increase in the enzyme
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ornithine decarboxylase as compared to layer lines. This enzyme catalyses the first step
in polyamine synthesis. It is induced by many hormones including insulin and growth
hormone and has a wide range of target tissues including liver, brain and kidney. It is
induced prior to and during periods of rapid cell division (Bulfield, et al, 1988).
Modern broilers also have a muscle growth pattern different than layer lines.
Muscles of broilers grow faster than layer chicks. In addition, the excretion of N’methyl
hisitidine is higher in broilers compared to layers of same weight or age. The excretion
of N’methyl histidine is higher in the slower growing lines suggesting that protein
degradation is much lower in broilers. This indicates that modern broilers increase
muscle growth due to faster muscle synthesis and a lower rate of protein degradation
(Saunderson and Leslie, 1988).
Ventilation schemes have been evaluated to determine the response of broilers to
heat stress and humidity. Broilers at one week of age responded to a relative humidity of
60% at 30° C. The Tc was lower at medium humidity as compared to 35% or 85%
relative humidity. Young chicks are able to redistribute heat and minimize Tc at medium
humidity levels (Lin et al, 2005a). As broilers age, the effect of humidity changes with
an increase in Tc with medium or high levels of humidity especially at high ambient
temperatures (35° C compared to 30° C). At 30° C, Tc was lower with 60% relative
humidity as compared to 35% or 60%. Minimizing Tc is dependent on ambient
temperature as well as relative humidity (Lin, et al, 2005b).
Increased air velocity (AV) can aid in removing heat from broiler chickens.
Yahav et al, (2004) evaluated AV from ventilation fans as a means of removing
heat.They determined that AV of 2.0 m/s enables broilers to maintain performance and
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reduce Tc in ambient temperatures of 35° C. Furlan et al (2000) saw additional
improvement in Tc reduction with AV of 5.7 m/sec at 29° C. At the higher AV, the Tc
was reduced in as quickly as 10 minutes. Only AV of 5.7 m/sec. could maintain lower Tc
at 30 minutes when compared to 1.8, 2.4, 3.1, and 4.2 m/s.
Another change in Tc can be observed due to the circadian rthyms that occur as a
result of a scotoperiod:photoperiod. Broiler breeders respond with a lower Tc when they
are exposed to a scotoperiod as compared to birds on a constant photoperiod. The longer
the scotoperiod, the greater the difference in Tc (Savory et al, 2006). The change in Tc
and metabolic rate are less when the scotoperiod is 1 hour compared to a longer period
(10h) due to the carryover of metabolic heat from feeding (Cain and Wilson, 1974,
MacLeod, et al, 1980)
During feed withdrawal procedures, feed is withdrawn for 8 to 10 hours prior to
harvest (Smidt et al, 1964, Wabeck, 1972, Warriss et al, 2004 , Papa, 1991, Zuidhof,
2004a). The difference in Tc during this fasting period compared to full7fed controls is
different partially due to the “Thermic Effect of Food” (TEF). The TEF of a meal is
estimated to be 2 – 17% of a meal (Hill et al, 1985). The TEF is considered the heat
produced by the processing and storage of nutrients after the feed reaches the stomach.
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CHAPTER III
THE USE OF GROUND CORN WITH OR WITHOUT ADDED LYSINE OR
METHIONINE AS AN ALTERNATIVE TO FEED WITHDRAWAL
PRIORTO HARVESTING COMMERCIAL BROILERS

Abstract
Commercial broiler chickens (54d) were fasted (control, C) or provided with
ground corn (GC), ground corn + lysine (GCL), or ground corn + methionine (GCM)
during the feed withdrawal period before being harvested for processing. The GC birds
consumed more feed and gained weight (4.7 g) compared to the fasted controls that lost
63 g. The GCL birds lost 32 g which was not different from the GCM birds (746g). The
GC was consumed at the same rate as estimated for daily consumption of finisher feed.
The processing plant assigned the alternative treatments “acceptable” during processing.
GC is readily available in commercial broiler mills and could be used to prepare broilers
for processing instead of a fasting period.

Introduction
Feed is withdrawn from commercial broilers prior to harvesting, transport and
processing. Removing feed for 8 – 10 hours is required to empty the gastrointestinal tract
(GIT) prior to processing (Smidt et al, 1964, Wabeck 1972, Zuidhof et al, 2004a,
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Zuidhof et al, 2004b). Broilers lose weight during the withdrawal period at a
reported rate of 0.353% /h Veerkamp, 1978) or 0.20 – 0.24% /h (Verkamp, 1986).
During the first 4 hours the BW loss is fecal material from the GIT Smidt et al, 1964).
USDA (USDA, 1996) regulation does not allow fecal or feed contamination of broiler
carcasses during processing. Additionally, it is important for the GIT to be in a condition
to withstand mechanical evisceration without breaking or tearing which could lead to
carcass contamination (Northcutt et al, 1997).
Microbiological changes occur during feed withdrawal. The pH of the crop
increases due to the loss of acid producing lactobacillus bacteria (Hinton et al, 2000).
There is a shift in microflora as the pH increases that may be responsible for an increase
in Salmonella on broiler carcasses during processing (Corrier et al, 1999). To correct the
problem, commercially available acidifiers could be added to the water. This is not
consistently effective as broilers reduce water consumption after feed has been removed
(Warris et al, 2004) This prevents the water acidifying products to be useful in
maintaining crop pH at physiological levels up to harvest.
Several high carbohydrate diets containing maltodextrin, a derivative of
cornstarch (Farhat et al, 2002; Northcutt et al, 2003; Nidjam et al, 2006; Rathberger et al,
2007) have been tried to provide broilers with a highly soluble diet that would help
maintain crop pH at physiological levels, maintain water consumption until harvest and
minimize fasting periods. These highly soluble diets do not interfere with processing and
prevent body weight losses compared to controls during the withdrawal period. This
soluble carbohydrate product is not readily available for commercial use and would add
an additional product to be handled at a commercial feed mill.
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Feed withdrawal periods of 8 – 12h led to stress as indicated by an increase in
circulating corticosterone especially after transport to the processing plant (Nidjam et al
2006; Scott et al, 1983; Delezie et al, 2007; Nijdam et al, 2005; Nijdam et al, 2006). An
increased awareness of animal welfare concerns would support a feed withdrawal process
that prevented significant periods of time without feed prior to harvesting. Two studies
(spring and summer) were done to determine if a simple and readily available feed, GC,
GCM or GCL could be used as a soluble feed prior to harvest to prevent body weight loss
compared to fasted birds and still allow for processing in a commercial processing plant
with no residual feed in the gastrointestinal tract.

Material and Methods

Housing and Birds

Trial 1. Four commercial broiler houses, located in Arkansas, were each placed
with 15,300 Ross X Ross 708® (Aviagen Group, Huntsville, AL) chicks from the
integrator’s commercial hatchery. Placement density was 0.04² m/bird. Chicks were
started in half of the house under radiant brooders at 32.2˚ C. Temperature was reduced
throughout the grow out to 18˚ C at harvest. Water and a commercial crumbled starter
diet (Table 1) were available ad libitum. Chicks were released into the whole house at
Day 10 decreasing the density to 0.08 m²/bird. Each of the four commercial houses
contained 8 mini pens blocked in two groups of four pens. The blocks were located at
each end of the houses. Each of the four treatments was randomly assigned to one pen in
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each block (two pens in each house). Pens were 1.242 m which replicated the density
provided to the birds in the commercial house. Water was provided to each pen by the
same nipple water system that supplied the commercial birds. Feed was provided by a
single hanging tube feeder in each pen.
At 14 days of age, the average weight of each house was determined by weighing
a minimum of 100 birds in two locations in each house. Twenty birds within ± 10% of
the house average weight were assigned to each one of the eight pens in each house. The
weight of each chick was recorded and a numbered tag was placed in the wing web of
each chick for identification. Commercial grower pellets were weighed into the feeder.
Feed was changed to Finisher 1 feed at Day 35 and Finisher 2 feed at Day 45. The feed
withdrawal trial began at Day 53.

Trial 2. Trial 2 utilized three commercial houses each with 12 mini pens added to
each house. Each of the four treatments was replicated three times in each house. When
the birds were harvested, each commercial house had a treatment assignment and
included a fourth house that did not contain pens but was raised under the same
management. The other details were identical to Trial 1.

Feed Withdrawal
In preparation for bird harvest on Day 53, the feed was removed from the C pens
10 hours prior to harvesting. Feed in the other treatment pens was replaced with a known
amount of GC, GCL (BioLys®, Evonik – Degussa, Parsippany, NJ), or GCM (Alimet®,
Novus, International, St. Louis, MO ) as previously assigned. The added levels of amino
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acids are indicated in Table 2. The amino acids were added to balance either lysine
(1.10%) or methionine (0.69%) in the corn according to NRC recommendations (NRC,
1994). The GCM was also balanced for total sulfur amino acids of 0.89% (NRC, 1994).
The feed was manufactured in a commercial mill. An attempt was made to pellet the
treatment feed so the feed form would not be different from the feed the birds were
accustomed to. The pellets were not satisfactory as compared to standard broiler diets
due to poor pelleting qualities of corn (Briggs et al, 1999). In addition, each of the
commercial houses was treated in a similar fashion according to treatment assignment.
Body weight and sex of each bird in the pens were determined when the feed treatment
was administered. After 8 hours, the remaining treatment feed was removed from the
pens and weighte. After 10 hours, the birds in each pen were weighed to determine body
weight loss. The 27hour period was similar to the harvest period when no feed or water is
available to the birds in a commercial situation.
The birds were harvested and transported to the processing plant by treatment. In
addition, the commercial birds in the houses were also harvested and transported by
treatment. The plant management was asked to determine whether each house
(treatment) was ‘acceptable’ or ‘unacceptable’ based on gastrointestinal tract condition
and process efficiency. The plant management was unaware of the nature of the trial or
the specific treatments.

Statistical Analysis
Data analysis was performed using SAS Statistical Software (SAS, Cary, NC,
2001). The results from both trials were combined for analysis. Data were analyzed as 2
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(sex) X 4 (withdrawal treatments) factorial arrangement of treatments in a generalized
randomized complete block design with houses serving as the blocks. The statistical
model included terms for sex, body weight loss, percent body weight loss and feed
consumption. Data are presented as means ± S.E.M. When effects were significant,
means were separated by Fisher’s protected least significant difference (Steele and
Torrie, 1980). All data was analyzed for significance at P ≤ 0.05.

Results
Males and females responded similarly to the treatments so the data reflects the
combined results. The results of mean body weight loss, percent body weight loss and
consumption, are presented in Table 3. The C group experienced a 107hour fasting
period prior to harvest not unlike many commercial programs. This group lost an
average of 63.4 ± 0.5 g or 1.91% of their BW during the fasting period. The GC
treatment gained 4.7 ± 0.5g; however, the GCL and GCM treatments lost weight (31.99 ±
0.5 or 46.09 ± 0.5 g) and were similar (p<0.05). The GCM treatment was not different
from the C treatment (p<0.05). Across treatments, the percentage weight loss responded
similarly to the average weight loss but only the GC treatment was significantly different
(P<0.05) with a BW gain of 0.24%. The percent BW loss ranged from 71.91% for C, 7
1.407% for GCM, and 70.959% for GCL.
The weight loss of the C treatment was equivalent to 0.20%/h. This is similar to
the reported loss during fasting periods of 10 – 12 hours (Veerkamp, 1986). The amount
of additional weight gained by the GC treatment compare to the loss of weight by the C
treatment is a difference of 68 g per bird. The difference in weight for a typical broiler
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complex processing 1 million birds per week would be 3.5 million Kg per year. The next
step in evaluating GC as a withdrawal feed would be to determine how much of this
additional weight may be recovered in the processing plant as carcass yield. A reduction
in shrink from 4.4% in the controls to 2.7% was seen in turkeys fed maltodextrin feed
(Rathberger et al, 2007). This is similar to the reduction in shrink seen in broilers
(Northcutt et al, 2003).
The GC group had the highest consumption of the treatment diet and was nearly
double the GCM treatment which had the lowest consumption. The amino acids
methionine and lysine were added to the ground corn to balance the limiting amino acid
in the corn according to NRC (NRC, 1994). If the birds were eating to satisfy a protein
requirement, the first (methionine) and second (lysine) limiting amino acids would be
satisfied (NRC, 1994). In these trials, the birds consumed more of the GC and there was
actually a slight weight gain during the feed withdrawal period as compared to the two
amino acid treatments. The commercial farm used the daily consumption rate of 216
g/bird/day at 53d to predict consumption and order replacement feed. The GC birds
consumed 70 g per bird for the 8 h treatment period compared to an estimated 72 g of
finisher feed for an equivalent 8 h period. Others (Nidjam et al, 2006) reported reduced
consumption of a semi7synthetic compared to a conventional diet. The GC may be more
similar to the conventional diets that the birds are accustomed to since that diet is nearly
80% GC even if the pellet quality is poor.
The decreased consumption of the GCM and GCL diets may have been due to the
level of the synthetic amino acid in the diet. High levels of amino acids can cause a
reduced feed consumption (Acar et al, 2001). The level of methionine was higher in the
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withdrawal feed than in the Finisher 2 feed that was fed prior to the withdrawal feed. The
increase in methionine level may have resulted in decreased consumption. In addition,
the methionine level was achieved with a higher level of synthetic methionine than would
be used in a complete ration since additional ingredients would provide a higher level of
methionine than what is provided by corn alone. A similar situation exists for the lysine
treatment.
Discussion
Feed withdrawal was established, in part, to eliminate residual fecal material from
the GIT at the time of processing (Zuidhof et al, 2004a; Zuidhof et al, 2004b; Northcutt
et al, 1997; Hinton et al, 2000). Thus, a primary concern of this study was the condition
of the GIT and its content at the processing plant. In this study, the plant personnel did
not know that they were processing broilers from research, so their evaluation of the
“process7ability” of the birds was unbiased. The evaluation was that the birds had no
unusual issues; in other words, the GIT were in acceptable condition at least comparable
to those that had feed withdrawn. This confirms the idea that a highly soluble
carbohydrate feed can be fed prior to harvest without a risk of fecal contamination due to
filled GIT or from insults to the GIT from the processing equipment.
A decrease in viscera weight and intestinal diameter occurs when birds are
withdrawn from feed prior to processing (Buhr et al, 1998). The soluble feed does not
appear to interfere with the evisceration of the GIT. Feeding a synthetic withdrawal feed
may provide a normal physiological stimulus that maintains an active upper GIT
peristalsis resulting in normal lower GIT motility and more effective emptying of fecal
residues (Farhat et al, 2002). In addition, when birds are off feed for an increasing period
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of time, the length and width of the gall bladder increases. The change in size and fill of
the gall bladder will increase the risk of bile contamination if the gall bladder is damaged
during evisceration (Buhr et al, 1998).
The GC feed is readily available in any commercial broiler mill and could be used
during the typical feed withdrawal period instead of fasting. When feed is withdrawn
from broilers, drinking activity decreases. If GC could be used to maintain feed
consumption and normal water consumption prior to harvest, birds may have an
advantage of consuming more water during the warmer periods. This may allow for
more efficient cooling through respiratory evaporation and prevent dehydration.
Water additives that help to stabilize crop pH may be added to reduce the increase
in Salmonella during the harvest and transport period. Glucose cocktails containing 7.5%
glucose increased the growth of lactic acid bacteria and decreased crop pH (Hinton et al,
2000). Providing glucose or other water additives could increase lactic acid bacteria and
prevent an increase in crop pH if the birds continue to drink water in the presence of feed
(GC).
The presence of feed in the crop may also help to maintain the bacterial flora to
maintain crop pH during this period and help prevent an increase Salmonella. Birds fed
maltodextrin in place of fasting prior to harvest had increased carcass yields. The levels
of Campylobacter, coliforms or E. coli were not increased when birds were fed the
maltodextrin prior to the withdrawal period (Northcutt et al, 2003). When turkeys were
fed a similar substitute feed prior to harvest there was a significant reduction (~90%) in
E. coli, and total coliforms per gram of crop compared to controls (Rathberger et al,
2007).
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Also, there is currently much interest in the welfare of broilers during production
and harvest. The increase in circulating corticosterone levels that occurs during transport
after fasting periods (Scott et al, 1983; Delezie et al, 2007; Nijdam et al, 2005; Nidjam et
al, 2006) indicates stress (Thaxton and Puvadolpirod, 2000). Broilers fed a semi7
synthetic diet did not experience an increase in corticosterone when transported (Nidjam
et al, 2006).
This study provides many new opportunities to re7evaluate feed withdrawal diets
that are high in carbohydrate, soluble and readily available for commercial use. The
additional amount of carcass weight that can be captured at the processing plant will
determine how acceptable this practice could be. The amount of time that a GC feed
could be used to prepare birds for processing and maintain BW needs to be examined.
The possibility that GC would help to maintain a normal physiological state for the bird
in light of the increasing interest in animal welfare is also an interest of additional
investigation.
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Table 3.1 Energy and Amino Acid Content of Starter – Finisher Diets Fed Prior to
Withdrawal.
Ingredients
Ground Corn, %
Alimet®1, %
BioLys®2, %

Starter
59.30
0.19
0.30

Grower
59.31
0.18
0.34

Nutrients3
Energy, ME/Kg
3036
Protein, %
21.94
Methionine, %
0.538
TSAA, %
0.9578
Lysine, %
1.181
1
Biolys®, Evonik – Degussa, Parsippany, NJ.
2
Alimet®, Novus International, St. Louis, MO.
3
By Calculation

Finisher 1
65.19
0.18
0.33

3216
19.6
0.4781
0.8531
1.801

3287
18.1
0.4504
0.8018
1.802

Finisher 2
66.10
0.18
0.13

3230
17.41
0.4438
0.7810
0.9506

Table 3.2 Experimental Diets Fed During “Withdrawal Period”.
GCL

GCM

GC

77 % 77

Ingredient
Ground Corn
98.93
1.07
L7Lysine HCL1
7777
HMTBS2
1.10
Total Lysine3
0.18
Total Methionine3
0.37
Total TSAA3
1
BioLys®, Evonik7Degussa, Parsippany, NJ.
2
Alimet®, Novus International, St. Louis, MO.
3
By Calculation

99.38
7777
0.62
0.26
0.69
0.89

100.00
7777
7777
0.26
0.18
0.37

Table 3.3. Body Weight Loss, Percent Body Weight Loss and Consumption of
“Withdrawal” Feeds.
Treatment1
GCL GCM

Variable
C
GC
S.E.M.
P
a
c
b
ab
BW Loss, g/bird
74.7
32.0
46.1
±10.8
0.0004
63.3
BW Loss, %
0.96a
1.41a
± 0.4
0.001
1.91a 70.2b
a
b
c
Consumption, g/bird
51.4
41.0
± 0.2
0.0001
77
70.5
a7c
Means within a row with different superscripts differ (P<0.05).
1
Treatment: C = Control (no feed), GC = Ground Corn, GCL = Ground Corn with lysine, GCM = Ground
Corn with methionine.
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CHAPTER IV
METABOLIC AND HORMONAL RESPONSES OF GROWING MEAT TYPE
CHICKENS TO FASTING

Abstract
The present study determined the effect of fasting on circulating concentrations of
glucose, insulin and glucagon in male and female modern meat type chickens. As might
be expected, fasting had major effects on circulating concentrations of glucose, insulin
and glucagon in a heavy meat line of chickens (Ross 708s) irrespective of the three ages
during growth examined (19 days, 33 days and 47 days of age). Plasma concentrations of
glucose were reduced, albeit modestly, in fasted chickens (p<0.05). Plasma
concentrations of insulin were decreased in fasted chickens (p<0.05). Plasma
concentrations of glucagon were increased (p<0.05). The magnitude of the decrease in
circulating concentrations of glucose was larger with increasing age (p<0.05).Circulating
levels of glucagon, although increased with fasting, the magnitude of the increase was
greater in the younger birds. Fasting had a significant effect on the circulating
concentrations of glucose, insulin and glucagon at all ages compared to full7fed chickens
(p<0.05).

64

Introduction
The present study examined the effect of starvation on circulating concentrations
of glucose, insulin and glucagon in male and female modern meat type chickens (Ross
708s). To the best of our knowledge, there have not been studies on fasting induced
changes in circulating concentrations of glucose and the metabolic hormones, insulin and
glucagon, during growth in modern meat type chickens. In 577 week7old broiler chickens,
circulating concentrations of insulin were reported to be decreased by fasting (Krestel et
al., 1986). However, prolonged fasting for 65 hours was associated with elevated plasma
concentrations of both glucose and insulin (Simon and Rosselin, 1978). Fasting has also
been observed to elevate circulating concentrations of glucagon and depress those of
insulin in 576 week old chickens of either genetically lean or fat lines (Leclercq et al.,
1988) and in 20 week old chickens (Klandorf, 1988). Moreover, circulating
concentrations of glucagon are elevated by insulin administration and/or insulin7induced
hypoglycemia in 576 week old chickens of either genetically lean or fat lines (Leclercq et
al., 1988). In broiler breeder females at 16 weeks old, circulating concentrations of
insulin rise rapidly when feed is provided and feeding is initiated while circulating
concentrations of glucagon declined precipitously (de Beer et al., 2008). After feeding,
circulating concentrations of insulin decline steadily until re7feeding irrespective of
whether the chickens were fed daily or on a “skip7a7day” system (de Beer et al., 2008). In
contrast, circulating concentrations of glucagon rose rapidly 12 hours following feeding
when the chickens were meal fed daily and after 24 hours in birds on a “skip7a7day”
system (de Beer et al., 2008). There is strong evidence that the fasting induced an
increase in circulating concentrations of immuno7reactive glucagon and is exerting a
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physiological effect. Fasting for two days in 2 week old chickens is reported to greatly
depress hepatic malic enzyme [L7malate7 NADP+ oxidoreductase (decarboxylating), EC
1.1.1.40] with the same effect observed with glucagon in vitro with chick embryo
hepatocytes (Goodridge et al., 1989). Moreover, fasting increases lipolysis with the effect
mimicked by glucagon in vitro (Buyse et al., 1995; 2002).
The effects of sex and age/size on these parameters in fed and fasted birds were
also investigated in the present study at three stages of growth (19 days, 33 days and 47
days of age) during the first 7 weeks of life. There are previous reports that age during
growth influences the insulin and glucagon responses of chickens to glucose loading
(Sinsigalli et al., 1987) and that there are shifts in the tissue responses to insulin in
different stages of the growth phase (Vasilatos7Younken, 1986; Tokushima et al., 2003).
Developmental changes in circulating concentrations of insulin and glucagon have been
previously reported (Lu et al., 2007). There have not been studies on whether the fasting
induced changes in circulating concentrations of glucose and the metabolic hormones,
insulin and glucagon changes during growth in modern meat type chickens.

Materials and Methods

Birds and Diets
Broiler chickens (Ross 708) were hatched at a commercial hatchery. The chicks
were placed in a commercial broiler house at a density of 0.04 m2/bird (15,300 chicks).
At Day 10, chicks were released to the whole house (0.08 m2/bird). The chicks were
raised under commercial standards with a starting temperature of 32.3˚C under hanging
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radiant brooders. Temperatures were reduced to 20˚C by Day 42 and held constant until
harvest. Incandescent lighting was used throughout the trial with light levels beginning at
27 Lux for the first four days. Light intensity was reduced as was scotoperiod according
to the lighting program utilized by the commercial broiler company (Table 4.1.)

Table 4.1. Lighting Program for Growing Period.

Age
(Day)
074
5 7 14
15 7 47

Light Intensity
(Lux)
27
10.8
3.2

Light:Dark
23:1
20:4
16:8

Commercial, crumbled starter feed and water were available ad libitum (Table
4.2). At day 14, an average weight of the birds in the house was determined by weighing
a minimum of 200 birds at two locations in the house. Chicks that were selected for the
study were weighed. Chicks within ±10% of the house mean were randomly assigned to
sixteen pens, twenty chicks per pen. Each pen was 1.242 m and replicated the house
density. The pens were constructed in four groups of four and were equally spaced along
the nipple water line that provided water for the commercial house.

Small laminated

paper tags were attached through the wing web for individual bird identification.
Feed was supplied to each pen in a hanging tube feeder. Feed was changed to
commercial grower feed (pelleted) when the birds were placed in the pens. Feed changes
followed the commercial company schedule until the birds were harvested.
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Blood Sample Preparation
At Day 19, 33 and 47, blood was collected from two males and two females from
each pen. Immediately after bleeding, feed was removed from half of the pens according
to a random block assignment. Two males and two females from each pen were bled at
6, 12, 18 and 24 hrs after the initial bleeding. Birds were bled by brachial vein puncture
into tubes containing EDTA as an anticoagulant. Blood samples were centrifuged in an
Allegra 6 centrifuge (Beckman Coulter, Fullerton, CA) for 10 min. at 3500 rpm. Plasma
was removed and placed into tubes for insulin, glucagon, and glucose analysis and frozen
at 720˚C until analysis. For glucagon analysis, plasma was stored in the presence of 1,000
kIU of the protease inhibitor, Aprotinin, to prevent the degradation of glucagon. Feed
was returned to the fasted pens at the end of the 247hour period.

Plasma Hormones and Metabolites
Hormone concentrations were determined by radioimmunoassay. All samples
were analyzed within a single assay to avoid inter7assay variation. Plasma concentrations
of insulin were determined by specific double antibody radioimmunoassay with an intra7
assay coefficient of variation (CV) of 2.2% (McMurtry et al., 1983). Plasma
concentrations of glucagon were determined (McMurtry et al. 1996; de Beer et al., 2008)
using a commercial kit (Linco Research Inc., St. Charles, MO). There was an intra7assay
CV of 1.9%. Plasma samples were analyzed for glucose using a kit (kit number
GAHK2071KT Sigma7Aldrich, St. Louis, MO).
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Statistical Analysis
Data analysis was performed using SAS Statistical Software (SAS Institute Inc.,
Cary, NC). Data was analyzed as a split7split plot. Whole plots were the fasting
treatments whereas the split plots represented age of the birds and split7split plots
represented the bleed times. The statistical model included terms for age, sex, and bleed
time. Data are presented as mean ± S.E.M. When effects were significant, means were
separated by using by Fisher’s protected significant difference (Steel and Torrie, 1980).
All data was analyzed for significance at P ≤ 0.05.

Results
Overall Means for fasting treatment are summarized in Table 3. Individual means
and SEM for each age, sex, and fasting treatment combination are presented in Table 4.
There were no differences across age in the basal circulating concentration of glucose
when averaged over sex and fasting treatment. The initial glucose concentrations were
247 ± 5.38 mg/100mlat 19 days, 246 ± 2.73 mg/100 ml at 33 days of age and 247 ± 5.80
mg/100 m at 47 days of age. Circulating glucose levels for each sex were different (p <
0.05) with males at 226 mg/100 ml and females at 221 mg/100ml. However there were
no interactions involving sex.
Plasma concentrations of glucose were decreased (p<0.05), albeit modestly, in
fasted chickens. The reduction (p<0.05) was observed initially within 6 hours of fasting
with the lowest glucose concentrations being observed within a 127hour fast at Day 19
and Day 33 and a 247hour fast for Day 47 (Figure 1a7c). The decreases in circulating
concentrations of glucose between fed and fasted birds were similar between the different
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ages birds with 12 hours of fasting yielding delta glucose values of being 56, 60, and 46
mg/100 ml at 19, 33 and 47 days respectively. Thereafter circulating concentrations of
glucose continued to decline in 47 day old chickens and to a lesser extent for 33 day old
chickens yielding decreases after 24 hours of fasting of 34, 62 and 56 mg/100ml
respectively. The magnitude of the decrease in circulating concentrations of glucose was
larger with increasing age (p < 0.0001). It should be noted that the lowest concentrations
of glucose in the control (fed) groups were observed at the 12 hour time point for 33 day
old chickens and at 18 hour time points for 19 and 47 day old chickens.
Plasma concentrations of glucagon were increased by fasting (p<0.0001) with the
effect manifesting by 6 hours of fasting (Figure 2a 7 c). The highest concentrations of
glucagon were observed at the 12 hour time point for 19 day fasted chickens. The 33 day
old chickens peaked numerically at 18 hours after fasting (503 pg/ml) but the increase at
6, 12 and 18 hours were not significantly different (p < 0.05) (502 pg/ml, 491 pg/ml and
503 pg/ml). The day 47 fasted chickens followed a similar pattern but glucagon was
numerically highest at 24 hours and but it was not significantly different than Time 6, 12
or 18 (p < 0.05) (424 pg/ml, 410 pg/ml, 460 pg/ml and 461 pg/ml). There was an age by
bleed time effect on plasma concentrations of glucagon (p<0.0001). In the younger 19
day old birds, plasma concentrations of glucagon attained a maximum with 12 hours
fasting and then declined thereafter. A similar situation but to a less extent was found for
33 day old chickens but no such decrease was observed with the 47 day old birds. The
increases (from Time 0) with 24 hours of fasting were 268 pg/ ml at 19 days of age; 260
pg/ ml at 33 days of age and 158 pg/ ml at 47 days of age. The magnitude of the increase
in circulating concentrations of glucagon was smaller with increasing age (p<0.001) at
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the 12 hour time point delta glucagon was 439 pg/ml at 19 days old; 349 pg/ml at 33 days
old and 307 pg/ml at 47 days old The highest concentrations of glucagon in the untreated
control groups were observed at the 12 hour time point for 19 day old chickens, at the 6
hour time point for 33 day old chickens and 18 hour time point for 47 day old chickens.
There were no differences between sexes.
Plasma concentrations of insulin were depressed in fasted chickens (p<0.0001)
(Figure 3). There was no interaction with age so data are presented as Fed or Fasted by
Bleed Time. Circulating insulin levels decreased in the fasted birds by Time 6 (1.06
ng/ml to 0.803 ng/ml, p < 0.05). There was no significant change in circulating insulin
levels for the rest of the fasting period. The Fed birds did not exhibit any decrease in
circulating insulin levels throughout the 247hour period, however the Time 18 levels were
numerically the lowest of the Fed bleed times. There were no differences between males
and females.
Discussion
Goodridge and his colleagues (1989) concluded that there is a “substantial body
of evidence indicating that insulin and glucagon are primary factors in the regulation of
carbon flux from glucose to long7chain saturated fatty acids” in poultry species. In the
present studies, fasting for 6 hours was accompanied by increases in the circulating
concentration of glucagon (Figure 2a7c). This is the first demonstration of the rapidity of
increases the circulating concentration of glucagon in young rapidly growing modern
meat type chickens. Secretion of glucagon has been previously reported to be increased
by fasting in 20 week old chickens (Klandorf, 1988) and after 24h of feed withdrawal in
6 week old chickens (Edwards et al., 1999). Circulating concentrations of glucagon have
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been reported to increase 12 hours following feeding when the chickens were fed daily
and after 24 hours in birds on a “skip7a7day” system (de Beer et al., 2008). Insulin and/or
the induced hypoglycemia elevate circulating concentrations of glucagon in 576 week old
chickens of either genetically lean or fat lines (Leclercq et al., 1988). In turn, increased
glucagon in the circulation accompanying the fasting and insulin induced hypoglycemia
would be expected to markedly influence poultry metabolism. Glucagon has been shown
to stimulate hepatic gluconeogenesis from lactate in chickens (Dickson and Langslow,
1978; Schultz et al., 1981; Sugano et al., 1982; Kobayashi et al., 1989), hepatic
glycogenolysis (Freeman and Mannering, 1971) and adipose lipolysis (Goodridge, 1968;
Langslow and Hales, 1969; Campbell and Scanes, 1987; reviewed Hazelwood 1986).
Moreover, glucagon reduces glucose utilization/fat synthesis (lipogenesis) (Leveille et al,
1975).
The decline in circulating concentrations of insulin observed in growing modern
meat type chickens subject to fasting (Figure 3) is similar to previously reported.
Circulating concentrations of insulin were decreased by fasting in 577 week old broiler
chickens, (Krestel et al., 1986). Circulating concentrations of insulin decline steadily
after completion of feeding in broiler breeder females at 16 weeks old (de Beer et al.,
2008). Despite the high circulating concentrations of glucagon, there did not appear to be
a rebound increase in insulin concentrations. Secretion of insulin from the perfused
chicken pancreas is stimulated by glucagon as well as by high concentrations of glucose
(King and Hazelwood, 1976).
Circulating concentrations of glucose are relatively refractory to the effect of
fasting (Hazelwood and Lorenz, 1959; Harvey et al., 1978). In the present studies, fasting
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consistently depressed circulating concentrations of glucose in modern meat type
chickens (Ross 708s) with the magnitude of the effect becoming greater as the birds
became older and larger (Figure 1a 7c). There is marked inconsistency in the literature on
whether starvation influences circulating concentrations of glucose at all in chickens. In
earlier studies, obviously not using modern meat type chickens, starvation did not affect
circulating concentrations of glucose (Hazelwood and Lorenz, 1959; Belo et al., 1976;
Tinker et al., 1986). However, there are reported decreases in circulating concentrations
of glucose following short7term starvation reported (meat type birds: Edwards et al.,
1999; Buyse et al., 2002; Nijdam et al., 2006; young layer strains: Harvey et al., 1978).
The absence of a marked shift in circulating concentrations of glucose is consistent with
reports on liver glucokinase. The enzyme, glucokinase, is thought to have a role in
glucose7sensing in mammals. While the enzyme is detected in the liver and pancreas of
chickens, there is no difference in expression between chicken either fed or fasted for 24
hours (Berradi et al., 2005). It is suggested that the observed increases in circulating
concentrations of glucagon, together with the reduced concentrations of insulin, are
playing a significant role in maintaining euglycemia and preventing hypoglycemia in
fasting.
The Fed birds showed a decline in circulating concentrations of glucose at times
12 and 18 hours which coincided with the scotoperiod (Figure 1) when eating is likely to
be greatly reduced. The 19 day Fed birds showed numerical declines but he 33 day and
47 day birds showed a significant decline at Time 12 (p<0.05).
Glucagon is generally considered to be the most important hormone in glucose
homeostasis in poultry; increasing circulating concentrations of glucose following fasting
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or insulin induced hypoglycemia. It has long been known that glucagon administration is
followed by increased circulating concentration of glucose (e.g. in chickens: Hazelwood
and Lorenz, 1957; Harvey et al., 1978). Somewhat surprisingly, Simon and colleagues,
(2000) noted that the administration of a glucagon antagonist had little effect on
circulating concentrations of glucose in fed chickens. This would suggest that glucagon
does not play a major role in controlling circulating concentrations of glucose in the fed
state in chickens even though it does depress feed intake (Honda et al., 2007). The effects
of the glucagon antagonist have not been investigated in fasted chickens when plasma
concentrations of glucagon are elevated.
Insulin induces mild hypoglycemia (relative to the high basal levels) in chickens
and even at high doses does not cause the acute hypoglycemia seen in mammals
(Hazelwood and Lorenz, 1959; reviewed Hazelwood 1986). Insulin decreases circulating
concentrations of glucose in chickens (Tokushima, et al., 2005) and increases glucose
uptake by skeletal and cardiac muscle based on in vivo studies with 27deoxy7D7[17
(3)H]glucose ([(3)H]2DG) uptake (Tokushima et al., 2005). However, the available
evidence supports the absence of a GLUT47like insulin responsive transporter in birds
(Chickens: Seki et al, 2003; Kono, Nishida et al, 2005). Insulin increases expression of
phosphofructokinase71 (liver type) in chicken pectoralis muscle but depresses expression
in the extensor digitorum longus (Seki et al., 2006). The available evidence, however, is
that insulin plays a critical role in glucose homeostasis. The administration of antisera
against insulin to fed chickens is accompanied by elevated circulating concentrations of
glucose (Simon et al., 2000; DuPont et al., 2008).
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In the present studies, age in the growth phase did not consistently influence
circulating concentrations of either glucose or glucagon (Figure 1a–c, 2a7c). There were,
however, consistent effects on the plasma concentration of insulin (Figure 3). In 19 day
chickens, the circulating concentrations of glucagon were reached a maximum with 12
hours fasting and then declined. This decline occurred irrespective of the continued low
circulating concentrations of glucose (Figure 1a) and may suggest a shift in metabolism
in order to maintain circulating glucose levels. In contrast in 47 day old chickens,
circulating concentrations of glucagon did not decline between 12 and 24 hours of fasting
and glucose levels continued to decline as fasting progressed. The situation in 33 day old
chickens was intermediate between the 19 and 47 day old birds. The present data are
consistent with the reports of age during growth influencing the circulating
concentrations of glucagon responses of chickens to glucose loading (Sinsigalli et al.,
1987).
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Table 4.2 Ingredient and Nutrient Table of Feeds.
Ingredient

Starter
Day 0 - 14

Grower
Day 14 - 35

Finisher 1
Day 35 - 42

Finisher 2
Day 42 - MKT

- Kg -

ProPac®

Alimet®
BioLys®

Stafac®
BMD®
Ni-Carb®
Monteban®
Roxarsone®

Corn
SBM
Meat Meal
Limestone
Misc. Ingred.
Fat
DiCal
Salt
Methionine
Lysine
Prop Acid
Threonine
S-Carb
Betaine
Trace
Mineral
Vitamins
Virginiamycin
Bacitracin
Nicarbazine
Narasin
3-Nitro
Hemicell
Phytase
Nutrients
ME/kg
Protein %
Ca %
P - total %
P - Avail %
Na %
Methionine
%
TSAA %
Lysine %
Arginine %
Threonine %

615.40
308.57
48.46
8.34
0.00
5.15
2.78
2.14
1.73
3.01
1.00
1.25
0.97

635.44
253.44
29.80
8.88
25.06
24.18
0.00
5.84
4.23
2.68
3.69
2.00
1.00
1.00
0.86

733.96
191.68
47.20
6.55
6.44
0.00
1.50
4.10
1.91
2.92
1.50
0.85
0.47

757.22
181.41
32.00
6.71
0.00
7.52
0.00
1.58
4.34
1.83
2.59
1.50
0.55
1.50
0.54

0.75
0.75

0.75
0.50
0.50

0.75
0.50
0.50

0.75
0.50

0.50
0.45
0.00
0.25
0.13
0.05

0.80
0.25
0.13
0.05

-

-

0.13
0.05

0.13
0.05

3020.60
21.93
0.99
0.61
0.50
1.80

3174.60
18.79
0.88
0.54
0.44
0.22

3201.00
17.45
0.79
0.49
0.41
0.23

3220.80
16.17
0.69
0.44
0.36
0.24

0.56
0.95
1.33
1.50
0.93

0.55
0.88
1.21
0.83
0.91

0.48
0.80
1.06
1.14
0.74

0.44
0.75
0.97
1.64
0.66
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Table 4.3. Overall Means for Glucose, Insulin and Glucagon

Variable

Fed

Glucose (mg/100ml)
Insulin (ng/ml)
Glucagon (pg/ml)

Fasted

240
1.533
157

207
0.889
398

SEM

P 7 value

1.590
0.032
7.279

<0.0001
<0.0001
<0.0001

Samples collected every 6 h for fed and fasted birds at 19, 33 and 47 days.

Table 4.4. Means of Glucose, Insulin and Glucagon Levels in 19, 33, and
47 Day Old Broilers Fed or Fasted.
.
Age
Day 19

Glucose (mg/100 ml)

Mean

Day 33

SEM

Mean

Day 47

SEM

Mean

SEM

Males
Fed

240

2.982

247

3.655

240

4.416

Fasted

219

4.209

208

3.808

204

4.024

Fed

238

2.989

235

2.842

240

3.575

Fasted

215

4.063

196

3.346

198

3.374

Females

Insulin (ng/ml)
Males
Fed

1.775

0.060

1.566

0.075

1.401

0.089

Fasted

0.894

0.081

1.042

0.095

0.901

0.074

Fed

1.607

0.056

1.550

0.070

1.309

0.064

Fasted

0.751

0.063

0.881

0.066

0.868

0.084

Females

Glucagon (pg/ml)
Males
Fed

140

7.302

191

12.988

160

15.132

Fasted

387

24.018

422

20.239

357

22.633

Females
Fed

138

6.988

161

9.885

153

12.593

Fasted

416

25.949

408

21.625

396

23.625

Samples collected every 6 hours from 19, 33, and 47 day old broilers fed or fasted.
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Figure 4.1. Plasma Glucose Concentrations (mg/100 ml) of Meat Type Chickens at Day
19 Fed or Fasted for 247Hour Period.
Data points are means of 24 observations. Bars represent SEM; Superscripts that are
different represent significant difference (p ≤ 0.05).
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Figure 4.2. Plasma Glucose Concentrations (mg/100 ml) of Meat Type Chickens at Day
33 Fed or Fasted for 247Hour Period.
Data points are means of 24 observations. Bars represent SEM; Superscripts that are
different represent significant difference (p ≤ 0.05).
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Figure 4.3. Plasma Glucose Concentrations (mg/100 ml) of Meat Type Chickens at Day
47 Fed or Fasted for 247Hour Period.
Data points are means of 24 observations. Bars represent SEM; Superscripts that are
different represent significant difference (p ≤ 0.05).
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Figure 4.4. Plasma Glucagon Concentrations (pg/ ml) of Meat Type Chickens at Day 19
Fed or Fasted for 247Hour Period.
Data points are means of 24 observations. Bars represent SEM; Superscripts that are
different represent significant difference (p ≤ 0.05).
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Figure 4.5 Plasma Glucagon Concentrations (pg/ ml) of Meat Type Chickens at Day 33
Fed or Fasted for 247Hour Period.
Data points are means of 24 observations. Bars represent SEM; Superscripts that are
different represent significant difference (p ≤ 0.05).
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Figure 4.6 Plasma Glucagon Concentrations (pg/ml) of Meat Type Chickens at Day 47
Fed or Fasted for 247Hour Period.
Data points are means of 24 observations. Bars represent SEM; Superscripts that are
different represent significant difference (p ≤ 0.05).
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Figure 4.7. Plasma Insulin Concentrations (ng/ml) of Meat Type Chickens Fed or Fasted
for 247Hour Period.
Data points are means of 115 observations. Bars represent SEM; Superscripts that are
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CHAPTER V
CHANGES IN BODY TEMPERATURE DURING GROWTH AND IN RESPONSE TO
FASTING IN GROWING MODERN MEAT TYPE CHICKENS

Abstract
The effect of fasting was determined on modern meat type broilers at Day 19, 33
and 47. The core temperature (Tc) was determined and feed was removed from the
fasted group (F) but feed was available for the full fed group (FF). The Tc was
determined at Time 6, 12, 18 and 24 hours. The Tc was significantly different at each age
(Day 19 = 40.86° C, Day 33 = 41.38° C, Day 47 = 41.96° C, P < 0.05). Both fasting and
scotoperiod (which resulted in reduced feeding activity) resulted in lowered Tc at all
ages. Overall, the FF birds had a lower Tc than F birds.

Introduction
Chickens are not completely homeothermic before Day 7 (Freeman, 1964.).
Malheiros et al (2000), Lin et al (2005a) and Mujahid and Furuse (2009) reported that
neonatal chicks require an ambient temperature of 30 – 35° C to maintain constant core
temperature (Tc). The Tc of chickens is reported to be 41 – 42° C (Sandercock et al,
1995, Deeb and Cahaner, 1999, Yunis and Cahaner, 1999, Deeb and Canhaner, 2001,
and Lin et al, 2005a,b,).
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Intense selection pressure for increased growth rate per day of age in broiler lines
has resulted in growth rates 4 –fold faster than layer lines (Griffin and Goddard, 1994)
and an 87fold increase in breast muscle mass (Bulfield et al, 1988). The increase in
growth rate and muscle mass may result in a decreased ability of modern broilers to
dissipate body heat (Sandercock et al, 1995).
The effect of feed restriction on broiler breeder hens suggests that differences in
consumption patterns reduce metabolic rate in the restricted hens resulting in differences
in Tc during the scotoperiod but not during photoperiod (DeJong et al, 2002). Little has
been done to determine the effect of ad libitum feeding versus fasting Tc on commercial
broilers. Scotoperiods used to improve performance reduce feeding activity (Downs, et
al, 2006) similar to fasting. In addition, commercial broilers are fasted during the feed
withdrawal period used to prepare birds for processing. Fasting prior to harvest
eliminates the possibility of fecal contamination of carcasses (Smidt et al. 1964, Wabeck,
1972). The aim of this study is to evaluate the effect of ad libitum feeding versus fasting
on the Tc of commercial broiler chickens at different ages.

Materials and Methods

Birds and Housing
A commercial broiler houses was placed with 15,300 Ross X Ross 708 chicks.
Chicks were placed at 0.04 m2 / bird in the brooding chamber of the house. Chicks were
started under radiant brooders at 33.3˚ C. Water and a commercial crumbled starter feed
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were available ad libitum. Chicks were released into the whole house at Day 10
decreasing density to 0.082 m / bird.
On Day 14, 240 chicks (all weighing ± 10% of the house average) were selected
for the temperature study and placed in 12 mini pens (20 chicks per pen replicating house
density) blocked in three groups of four pens. The blocks were equally spaced along the
nipple water line that supplied water to the house and the pens. The weight of each
chick was recorded and a numbered tag was placed in the wing web for identification.
Each pen in each block was randomly assigned Full Feed (FF) or Fasted (F) as the
treatment. Commercial grower feed was provided by a single hanging tube feeder in
each pen.

Feed type was changed to Finisher 1 at Day 35 and Finisher 2 at Day 45.

At Day 19, 33 and 47, Tc was determined (Time = 0) on two males and two
females per pen by inserting a digital thermometer probe (Cooper Atkins, Middlefield,
CT, TM799A, Accuracy ± 0.2˚ C ) 5cm into the cloacal opening. The probe was wrapped
at the 5cm mark with plastic tape to insure consistency in measurement. Core
temperature and tag number were recorded. Immediately after the temperature
measurement, feed was removed from the F treatment pens.
Temperatures were recorded similarly at Time 6, 12, 18 and 24h. The first
reading T0 was made at 12:00 so T12 was equal to midnight. The scotoperiod started at
22:00 so the T12 measurements were taken two hours after the beginning of the
scotoperiod and the T18 measurements were taken near the beginning of the photoperiod.
Minimum, average and maximum ambient temperatures for each measurement day are
listed in Table 1.
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Statistical Analysis
Data analysis was performed using SAS Statistical Software (SAS Institute Inc.,
Cary, NC). Data was analyzed as a split7split plot. Whole plots were the fasting
treatments whereas the split plots represented age of the birds and split7split plots
represented the bleed times of Tc measurement. The statistical model included terms for
age, sex, and time of Tc measurement. Data are presented as mean ± S.E.M. When
effects were significant, means were separated by using Fishers’s protected significant
difference (Steel and Torrie, 1980).

All data was analyzed for significance at P ≤ 0.05.

Results
There was no significant difference by sex so data from both sexes were
combined for analysis. The Tc of each age was significantly different (Day 19 = 40.86°
C, Day 33 = 41.38° C, Day 47 = 41.96° C, P < 0.05) The means and SEM of Tc for F
versus FF birds at Day 19, 33 and 47 are presented in Figure 5.1. At each age, the FF
birds had a Tc greater than the F birds.
The length of the fasting period as well as the scotoperiod affected the Tc
(Figure 5.2). Although Tc of the initial measurements were similar (41.60° C), the Tc of
the F group decreased after the initial 6h fast (` – 0.30° C). The maximum decrease in
Tc occurred in the F group at T12 and was 7 0.73° C lower than T0. This minimum Tc
coincided with the scotoperiod. The Tc of the F group increased by +0.18 ° C at T18 and
was not significantly different than T24.
The FF group showed a similar minimum Tc at T12 that was significantly
different from FF at T0 (and coincided with the scotoperiod) but higher than the F group
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at T12 (41.42° C vs. 40.87° C). The Tc of the FF birds increased at T18 and although the
Tc continued to increase at T24, it was not significant from T18. Overall, the FF birds
had a Tc of 0.48 ± 0.03° C higher than the F birds, (P ≤ 0.05).

Discussion
Chickens do not reach constant core temperature (Tc) until 6 or 7 days post hatch.
Metabolically active tissues increase Tc after the utilization of the yolk sac at Day 4 – 6.
(Freeman 1965). Initial Tc for neonatal chicks is 40° C and increases to 41° C at day 7.
The Tc of mature chickens is 41 7 42° C (Sandercock et al, 1995, Deeb and Cahaner,
1999, Yunis and Cahaner, 1999, Deeb and Canhaner, 2001b, and Lin et al, 2005a,b,).
Changes in confirmation and growth rate have led to a decrease in the heat
dissipation capabilities of modern broilers. Fast7growing broiler lines demonstrate
increased resting metabolic heat production and an inappropriate increase in metabolic
heat production during heat stress compared to slow growing lines (Sandercock et al,
1995). Broilers also demonstrate a greater thermoregulatory respiratory effort than slower
growing lines resulting in increased total respiratory ventilation rates. Broilers exhibit
more hyperthermia despite an increased respiratory effort compared to layers at the same
body weight. Inadequate heat loss mechanisms or respiratory ventilation are associated
with higher heat production in broilers. Either would result in increased heat storage
(Sandercock et al, 2006). In addition, an increase in creatine kinase levels in heat7
stressed broilers suggest potential for decreased meat quality as well as welfare issues
(Sandercock et al, 2001, Sandercock et al, 2006). An understanding of changes in
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thermoneutrality is important to develop temperature profiles and management schemes
to maximize performance in commercial settings.
When Tc was measured on Days 41 and 42, broilers selected for growth exhibited
lower feed consumption than non7selected counterparts after exposure to high ambient
temperature (Deeb and Cahaner, 2002). Broilers that are selected to grow faster generate
more heat and require lower ambient temperature to maintain their Tc and express
genetic potential for rapid growth (Emmans and Kyriazakis, 2000). This may have
implications in commercial situations where environmental controls result in a range of
temperatures instead of a constant ambient temperature. The heat of digestion also adds
to the heat load of commercial broilers (Hill et al, 1985).
In addition to ambient temperatures and feed availability influencing Tc, core
temperatures can be affected by circadian rhythms. Core temperatures decreased in the
FF birds during the scotoperiod at T12 and T18 which was consistent with circadian
rhythms in broilers during scotoperiods. Cain and Wilson (1974) observed a decrease in
Tc in hens exposed to a prolonged scotoperiod. There is often a peak in temperature
immediately following the dark:light interface. This occurred at T18 for both FF and F
birds. Birds do not exhibit circadian rhythms for temperature when ambient temperatures
are constant. Temperature can elicit a circadian rhythm in Tc when temperatures are
cyclic (Cain and Wilson, 1994). Although both groups demonstrated a lower Tc at T12
that coincides with the minimum ambient temperature the decrease is probably more
related to the decrease feeding activity (due to the scotoperiod) in the FF group and the
time off feed for the F group. Both the F and FF birds exhibited an increase in Tc at T18
possibly as an anticipation of feeding when the lights came on. The FF birds saw a
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numeric increase in Tc after refeeding and the F birds saw a numeric decline when
refeeding did not occur. In addition, ambient temperatures during the scotoperiod need to
be considered to make sure young birds are not chilled during the time that they are not
feeding.
Deeb and Canaher (2001b) evaluated the offspring of broilers selected and non7
selected for rapid growth. When exposed to high ambient temperatures, the advantages
of modern broiler genetics can be lost. When temperatures vary only slightly from
normal (30° C vs. 25 ° C), the reduction in broiler production is significant. The
continued emphasis on growth rate and breast muscle growth will increase the heat7
induced depression in broiler performance (Deeb and Cahaner, 2001a). Selection for feed
conversion instead of rapid growth rate in hot climates may provide broilers with better
performance than broilers selected for rapid growth (Cahaner and Leenstra, 1992).
Ambient temperatures need to be evaluated to allow FF commercial birds to
maintain Tc and express their maximum genetic potential. Ambient temperature
requirements for commercial broilers should be evaluated to determine if they maintain
the Tc appropriate for age. As the birds get older, increases in Tc may reduce
performance including body weight gain and feed conversion. The impact on body
temperature should be evaluated to determine the effect on yield.
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Table 5.1 Minimum, Average and Maximum Ambient House Temperatures During the
247Hour Period That Core Temperatures Were Determined During Feeding or
Fasting.
Temperature
Min.
---°C --22.3
21.8
21.9
21.6
22.5
19.7

Day
19
20
33
34
47
48

Average

Max.

24.6
24.3
24.2
23.9
26.7
24.4

28.2
27.7
27.6
27.2
29.7
28.9

a

42.5
42

0

C

41.5

b

b
c

c

41

d

40.5
40
39.5
19

33

47

Days
Fed

Fasted

Figure 5.1 Mean Tc of Meat Type Chickens Fed or Fasted at Day 19, 33 and 47.
(Means and ± SEM. Superscripts that are different are significant (p < 0.05).
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42
a

a
ab
b

c
41.5

b

Deg. Centigrade

c

d
de
41

e

Light Period

Dark Period

Light Period

40.5
0

6

12

18

24

Hours
Fed

Fasted

Figure 5.2 Mean Tc of Meat Type Chickens Fed or Fasted.
There was no interaction with age so means are presented for combined ages. (Means ±
SEM, p < 0.05)
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CHAPTER VI
CONCLUSION

The commercial broiler industry has experienced tremendous gains in
performance standards in the previous decade. Many of the improvements have come
from genetic changes in growth rate and increased breast meat as expressed by white
meat yield. Food safety concerns from the USDA continue to reduce the acceptable
levels of both Salmonella and Campylobacter on processed carcasses. At the same time,
more consumers have an increased interest in how food animals are raised, harvested and
processed. The interest in all of these areas provides an opportunity to review production
practices that were established early in the development of the commercial poultry
production, evaluate improved practices and evaluate how improvements in growth
potential has resulted in changes in physiological processes.
Feed withdrawal practices to prepare CB for harvest and processing are important
to reduce feed wastage at processing since feed is the most expensive input in broiler
production. In addition, it is important to prepare viscera for processing. When viscera
are full of feed, the risk of bacterial contamination from spilled feed or feces from
equipment damage is as big a concern as the potential for weakened strength and bile
contamination when CB have been off feed too long. The potential for increased
microbial load coming in to the plant due to an increase crop contamination due to pH
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changes that begins when FW periods begin. Using GC as an alternative feed
during the FW period allows birds to have access to feed but allows for acceptable
processing. The presence of the highly soluble GC may allow birds to arrive at the
processing facility in a more consistent state because the GC may provide normal
physiological stimuli that helps to maintain normal peristaltic activity in the gut and
promotes more effective emptying of fecal residues before processing. The use of the
highly soluble, readily available alternative feed also promotes the idea of improved
welfare for the birds during the harvest and processing period.
Fasting also has an impact on the circulating levels of glucose, insulin and
glucagon. Birds are considered “functional diabetics” maintaining circulating glucose
levels twice that of mammals. Early work demonstrated very little change in glucose
levels with extended fasting periods of 247hours or more. In this study, fasting
consistently depressed circulating concentrations of glucose in modern meat type
chickens. The magnitude of the decrease is greater with increasing age and bird size.

In

addition, the fed birds exhibited a decline in circulating glucose levels during the
scotoperiod. The younger birds exhibited numerically lower levels but the 33 and 47 day
old birds showed significantly declines at Time 12 which corresponded with only 2 hours
of darkness.
Although glucagon is considered the dominant hormone in birds compared to
insulin in mammals, little has been done to elucidate the impact of fasting on glucagon
levels in modern meat type chickens. Fasting for 6 hours was accompanied by increases
in circulating concentrations of glucagon. This is the first study to demonstrate the

102

rapidity of increases in concentrations of glucagon in young and rapidly growing modern
meat type chickens.
Circulating concentrations of insulin were similar to previous reports. There were
consistent effects of age on circulating levels of insulin. Levels decreased by 6 hours of
fasting and did not change throughout the balance of the study. There were not
significant changes in insulin levels in the fed birds during the scotoperiod as seen in
circulating levels of both glucose and glucagon.
The fasting period during feed withdrawal procedures can affect the Tc of modern
broilers. The Tc of broilers decreased in this study after 6 hours of fasting, decreased to a
minimum at 12 hours and increased at 18 hours that coincided with the end of the
scotoperiod. Fed birds exhibited a similar pattern with a significant decrease in Tc at 12
hours that was only two hours after the beginning of the scotoperiod and reduced feeding
activity.
Although modern meat type chickens are not homeothermic at hatch, they
establish a Tc of 41 7 42° C by the end of the first week. In this study, the Tc of the
broilers increased significantly at each age. The Tc of broilers must be monitored and
controlled to allow genetic improvements in growth and yield to be expressed.
The sensitivity of modern broilers to short periods of fasting means that providing
them with an energy source up to harvest may not only improve processing but provide
energy stores that may be absent in fasted birds. Meat quality and welfare may be
improved by modifying a standard industry practice.
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